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Preface 


This  report  applies  existing  pneumatic  transmission 
line  theory  to  predict  the  frequency  response  of  a  portion 
of  the  air  supply  ducting  of  the  Aeropropulsion  Systems  Test 
Facility  (ASTF)  at  Arnold  Engineering  Development  Center 
(AEDC) ,  Arnold  AFS,  Tennessee.  The  purpose  of  this  thesis 
was  to  conduct  an  experimental  investigation  on  a  scale 
model  of  ASTF  to  verify  theoretical  results  for  frequency 
response  of  this  large,  complex  system  of  fluid  lines.  The 
verified  program  was  then  run  on  representative  ASTF 
configurations  to  determine  typical  ASTF  frequency  response. 

To  achieve  this  result,  the  computer  program 
originated  at  AFIT  by  Miller  and  modified  by  several  others 
was  adapted  to  the  dimensions  of  the  scale  model  and  the 
computer  results  verified  by  experiment.  Computer  results 
for  the  ASTF  configurations  were  then  obtained  and  analyzed. 

I  would  like  to  express  my  appreciation  to  Dr. 

Milton  E.  Franke,  who  introduced  me  to  fluidics  and 
suggested  this  thesis  topic.  His  assistance  and  guidance 
throughout  were  invaluable. 

Mr.  John  A.  Brohas  has  my  undying  gratitude  for 
building  and  helping  design  my  experimental  model.  This 
excellent  machinist  constantly  kept  me  out  of  trouble  with 
his  helpful  suggestions  and  timely  work. 


Lt.  Mark  S.  Briski  deserves  my  thanks  for  the  help 
he  gave  me  in  day-to-day  discussions  of  our  work  and  his 
parallel  effort.  His  assistance  led  to  my  better 
understanding  of  the  theory  and  experimental  apparatus. 

I  would  also  like  to  thank  Messrs.  Leroy  Cannon, 
Harley  Linville,  and  Steve  Coates  for  the  eager  technical 
support  they  gave  whenever  needed. 

Mrs.  Pat  Norton,  who  typed  this  thesis,  was  very 
professional,  patient,  and  helpful  during  this  critical 
phase.  She  remained  unruffled  even  through  the  last-minute 
changes. 

I  owe  a  special  debt  to  Capt.  Kathleen  Collins  and 
Lt.  Peter  Axup  for  their  love  and  support  throughout  my 
course  of  study  at  AFIT. 


Table  of  Contents 


Page 

Preface . ii 

List  of  Figures . .  vi 

List  of  Tables .  x 

List  of  Symbols . xi 

Abstract . xii 

I.  Introduction  .  1 

Background  .  .....  .  1 

Aeropropulsion  Systems  Test  Facility  ( ASTF)  .  2 

Objectives  .  3 

Approach  .  4 

II.  Modeling .  6 

Lines .  6 

Pneumatic  Signal  Generator  .  12 

Valves . 12 

Venturis . 14 

Flow  Straightening  Grids  .  18 

Materials . 18 

III.  Theory  and  Analysis . 19 

IV.  Experimental  Apparatus  .  22 

Pneumatic  Signal  Source  .  22 

Signal  Analysis  Equipment  .  22 

V.  Experimental  Procedures  .  27 

VI.  Experimental  Results  and  Discussion  .  29 

Blocked  Line  Cases . 29 

Cases  with  Mean  Flow . 30 

General . 32 


List  of  Figures 

Figure  Page 

1.  ASTF  Air  Supply  System  with  Modeled 

Portion  Outlined  .  7 

2.  Modeled  Portion  of  ASTF .  8 

3.  Schematic  Diagram  of  Experimental  Model  .  9 

4.  Experimental  Model  .  10 

5.  Experimental  Model  Including 

Experimental  Apparatus  .....  .  11 

6.  Close  View  of  Dynamic  Valves  with  AC  Motor 

and  Cam  Arrangement . 13 

7.  Close  View  of  ASTF  Test  Cell . 15 

8.  ASTF  Venturis . 16 

9.  Venturi  Models . 17 

10.  Schematic  Diagram  of  Experimental  Apparatus  ...  23 

11.  Pneumatic  Signal  Source  .  24 

12.  Signal  Analysis  Equipment  .  25 

13.  Case  1:  Pend/Pinput,  Correlation 

of  Experiment  with  Theory . 35 

14.  case  1 i  Phase  shift  <P.nd/Pinput> . 

Correlation  of  Experiment  with  Theory  .  36 

15.  Case  2:  Pend/Pinputf  Correlation 

of  Experiment  with  Theory . 37 

16.  case  2:  Phase  Shift  (Penij/Plnput> . 

Correlation  of  Experiment  with  Theory  .  38 


vi 


VII 


ASTF  Results  and  Discussion 


Blocked  Line  Cases  . 

Cases  with  Mean  Flow  . 

General  . 

VIII.  Conclusions  . 

IX.  Recommendations  . 

Bibliography  . 

Appendix  A:  Computer  Program  . 

Appendix  B:  Complete  Line  Dimensions  . 

Appendix  C:  Signal  Analysis  Equipment  Specifications 


Case  3s  Pvent/Pinput '  Correlation 
of  Experiment  with  Theory  .  .  .  , 


Case  3:  Phase  Shift  <Pvent/Pinput > , 
Correlation  of  Experiment  with  Theory 

Case  3:  P  ,/P.  Correlation 

end  input 

of  Experiment  with  Theory  . 


Case  3:  Phase  Shift  <Pend/Pinput > , 
Correlation  of  Experiment  with  Theory 

Case  4:  P  ./P.  .  ,  Correlation 

vent'  input' 

of  Experiment  with  Theory  . 


Case  4:  Phase  shift  <Pvent/Pinput > . 
Correlation  of  Experiment  with  Theory 

Case  4:  P  ,/P.  . ,  Correlation 

end'  input' 

of  Experiment  with  Theory  . 


Case  4:  Phase  Shift  <Pend/Pinput > r 
Correlation  of  Experiment  with  Theory 

Case  7:  P  . /P .  . ,  Correlation 

vent'  input' 

of  Experiment  with  Theory  . 

Case  7:  Phase  Shift  <Pvent/Plnput> . 
Correlation  of  Experiment  with  Theory 

case  71  pend/pinpet'  C°rr«lati°n 
of  Experiment  with  Theory  . 


Case  7:  Phase  Shift  <Pend/PlnpUt> . 
Correlation  of  Experiment  with  Theory 

Case  6:  P  ./P.  Correlation 

vent'  input' 

of  Experiment  with  Theory  . 


Case  6:  Phase  Shift  (P„QO+./P. 

vent'  input'' 

Correlation  of  Experiment  with  Theory 


Case  6:  P_j/P.  .  ,  Correlation 
end  input 

of  Experiment  with  Theory  . 

Case  6:  Phase  Shift  <Pend/Pinput> . 
Correlation  of  Experiment  with  Theory 

Case  8:  Pvent/Pinput.  Correlation 
of  Experiment  with  Theory  . 

Case  8s  Phase  Shift  (Pvent/Pinput> . 
Correlation  of  Experiment  with  Theory 

Case  8s  Pend/Pinput,  Correlation 
of  Experiment  with  Theory  . 

Case  8s  Phase  Shift  <Pend/Plnput> . 
Correlation  of  Experiment  with  Theory 

Case  9j  P  ./P.  , ,  Correlation 

vent'  input' 

of  Experiment  with  Theory  . 

Case  9:  Phase  Shift  <P„ent/Pinput> , 
Correlation  of  Experiment  with  Theory 

Case  9s  Pend/Pinput,  Correlation 
of  Experiment  with  Theory  . 

Case  9:  Phase  Shift  <P  ,/P.  .  ) , 

end  input  ' 

Correlation  of  Experiment  with  Theory 

ASTF  Case  1  . 

ASTF  Case  1  . 

ASTF  Case  2  . 

ASTF  Case  2  . 

ASTF  Case  3  . 

ASTF  Case  3  . 

ASTF  Case  4  . 


Figure 

48.  ASTF  Case  4 


Page 

75 


49. 

ASTF 

Case 

5 

•  •  • 

•  •  • 

•  • 

•  •  •  • 

• 

• 

• 

• 

76 

50. 

ASTF 

Case 

5 

•  •  • 

•  •  • 

•  • 

• 

• 

• 

• 

77 

51. 

ASTF 

Case 

6 

•  •  • 

•  •  • 

• 

• 

• 

• 

78 

52. 

ASTF 

Case 

6 

•  •  • 

•  •  • 

• 

• 

• 

• 

79 

53. 

ASTF 

Case 

7 

•  •  • 

•  •  • 

• 

• 

• 

• 

80 

54. 

ASTF 

Case 

7 

•  •  • 

•  •  • 

• 

• 

• 

• 

81 

55. 

ASTF 

Case 

8 

•  •  • 

•  •  0 

• 

• 

• 

• 

82 

56. 

ASTF 

Case 

8 

•  •  • 

•  •  • 

• 

• 

• 

• 

83 

57. 

ASTF 

Case 

9 

•  •  • 

•  •  • 

• 

• 

• 

• 

84 

58. 

ASTF 

Case 

9 

•  •  • 

•  •  • 

• 

• 

• 

• 

85 

59. 

ASTF 

Case 

10 

•  •  • 

•  •  • 

• 

• 

• 

• 

86 

60. 

ASTF 

Case 

10 

•  •  • 

•  •  • 

• 

• 

• 

• 

87 

61. 

Schematic 

of 

Lines 

with 

Input 

at 

Line  1 

• 

• 

• 

• 

B-3 

62. 

Schematic 

of 

Lines 

with 

Input 

at 

Line  2 

• 

• 

• 

• 

B-4 

63. 

Schematic 

of 

Lines 

with 

Input 

at 

Line  3 

• 

• 

• 

• 

B-5 

64. 

Schematic 

of 

ASTF 

Lines 

with 

Leg 

1  Input 

• 

• 

• 

• 

B-14 

65. 

Schematic 

of 

ASTF 

Lines 

with 

Leg 

2  Input 

• 

• 

• 

• 

B-15 

66. 

Schematic 

of 

ASTF 

Lines 

with 

Leg 

3  Input 

• 

• 

• 

• 

B-16 

B-16 


List  of  Tables 


Table 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII. 
XVIII. 


Test  Configuration  . 

Experimental  Data  . 

ASTF  Configuration  . 

Case  1  . 

Case  2  . 

Case  3  . 

Case  4  . 

Case  6  . 

Case  7  . 

Case  8  . 

Case  9  . 

ASTF  Case  1  . 

ASTF  Case  2  . 

ASTF  Case  3  . 

ASTF  Case  4  . 

ASTF  Case  5  . 

ASTF  Case  6-10  . 

Signal  Analysis  Equipment  Specifications 


List  of  Symbols 


t? 


Symbol 

Description 

Units 

A 

line  cross-sectional  area 

in2 

c 

speed  of  sound 

ft/sec 

cd 

discharge  coefficient 

dimensionless 

f 

cnt 

critical  frequency 

hertz 

M 

Mach  number 

dimensionless 

• 

m 

mass  flow  rate 

lb  /sec 
m 

P 

AC  pressure 

psi-rms 

P 

DC  (mean)  pressure 

psi 

Ap 

orifice  pressure  drop 

psi 

Q 

volumetric  flow  rate 

gas  constant  for  air 

cis 

in  -  lbf 
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xi 
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Abstract 


l 

The  dynamic  response  of  a  scale  model  of  the 
< 

Aeropropulsion  Systems  Test  Facility  ( ASTF)  air  supply 
ducting  was  determined  experimentally  over  a  frequency  range 
from  20-200  Hz.  Blocked  lines  with  no  flow  and  orifice 
terminated  lines  with  a  mean  flow  were  used.  The  experi¬ 
ments  examined  the  effects  of  signal  input  on  three 


different  lines  and  of  using  different  size  venturis.  Gain 
and  phase  were  measured  upstream  of  the  venturi  and  at  the 
end  of  the  line. 


The  ^experimental  results  were  compared  with  the 
results  of  a  computer  program  based  on  Nichols'  theory  as 
modified  by  Krishnaiyer  and  Lechner.  With  few  exceptions, 
the  gains  were  predicted  withTn  +5  dB,  and  phase  angles 

C  - 

withirT  £l0%.  This  agreement  between  theory  and  experi¬ 
ment  verified  that  the  theory  can  be  applied  successfully  to 
large,  complex  systems  and  that  the  computer  program  was 
running  properly. 

The  verified  program  was  then  applied  to  the  full- 
scale  ASTF  air  supply  and  results  analyzed.  The  ASTF 
results  show  higher  gains  at  low  frequencies  and  no  reduc¬ 
tion  in  the  average  gain  with  frequency.  This  was  as 
expected  for  the  large  ASTF  ducting,  which  ranges  from  4-22 
ft  in  diameter. 
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DYNAMIC  CHARACTERISTICS  OF  A  JET  ENGINE 


TEST  FACILITY  AIR  SUPPLY 


I.  Introduction 


Background 

During  the  past  35  years,  many  investigators  have 
attempted  to  model  the  dynamic  response  of  fluid 
transmission  lines  to  sinusoidal  acoustic  signals.  The 
theory  developed  by  Iberall  (Ref.  3)  and  simplified  by 
Nichols  and  Brown  (Refs.  1,  10)  employed  a  linearized  theory 
analagous  to  electrical  transmission  line  theory.  These 
equations  accurately  predicted  the  frequency  response  of 
lines  of  constant  circular  cross-section  by  modeling  the 
signal  as  a  one-dimensional  plane  acoustic  wave.  Several 
studies  employing  this  theory  have  shown  good  agreement  with 
experimental  results  for  blocked,  cascaded  transmission 
lines  (Refs.  2,  4,  8,  9,  and  11). 

Subsequent  approximations  to  Nichols'  equations  by 
Krishnaiyer  and  Lechner  (Ref.  6)  extended  the  accuracy  of 
predictions  to  lower  frequencies.  Krishnaiyer  and  Lechner 
also  obtained  good  agreement  with  experiment  for  fluid  lines 
with  mean  flow  by  modeling  the  impedance  at  the  end  of  the 
line  as  the  DC  resistance. 


Miller  (Ref.  9)  developed  a  computer  program  based 


on  Nichols'  equations  and  Krishnaiyer  and  Lechner's 
modifications  to  predict  frequency  response.  It  has  since 
been  modified  to  accept  a  variable  number  of  cascaded  fluid 
lines,  both  series  and  parallel  (branched). 

Aeropropulsion  Systems  Test  Facility  (ASTF) 

The  Aeropropulsion  Systems  Test  Facility  is  a 
revolutionary  jet  engine  test  facility  being  built  at  Arnold 
AFS,  Tennessee.  Rather  than  taking  the  conventional 
approach  of  testing  jet  engines  by  stabilizing  on  one  test 
condition  and  taking  data,  ASTF  will  be  able  to  run  through 
a  range  of  test  conditions  and  simultaneously  gather  data 
without  the  need  to  allow  the  test  conditions  to  stabilize. 
ASTF  achieves  this  real-time  control  of  test  conditions  via 
a  feedback  control  system  employing  large  butterfly-type 
valves.  Using  heaters,  compressors,  and  turboexpanders, 

ASTF  creates  four  separate  flow  legs  with  different 
pressures  and  temperatures  in  each  leg.  The  control  valves 
then  mix  these  flows  in  varying  amounts  in  a  mixing  plenum 
to  create  the  desired  temperature,  pressure,  and  flow  rate 
at  the  test  cell.  A  steady-state  flow  analysis  has  been 
performed  on  the  ASTF  air  supply,  but  no  frequency  response 
analysis  has  been  done  to  date.  No  problems  are 
anticipated,  but  due  to  the  transient  nature  of  the  system, 
some  significant  disturbances  could  be  generated  by  the 


control  valves  or  the  rotating  turbomachinery.  Thus,  there 
is  a  need  to  study  the  frequency  response  of  ASTF  to 
determine  its  dynamic  characteristics. 


Objectives 

Since  the  previous  experimental  results  obtained  at 
AFIT  were  for  small  fluid  lines,  typically  smaller  than  an 
inch  in  diameter  and  20  ft  in  length,  some  data  were  needed 
on  an  intermediate  size  system  of  greater  complexity  in 
order  to  obtain  confidence  in  predictions  on  an  ASTF-size 
system.  Toward  this  end,  the  following  objectives  were 
established: 

1.  Verify  that  the  existing  computer  program  could 
be  used  to  accurately  predict  frequency  response 
of  more  complicated  systems  by: 

a.  Building  a  physical  scale  model  of  the  ASTF 
air  supply. 

b.  Conducting  experiments  to  determine  the 
frequency  response  of  the  model. 

c.  Obtaining  good  correlation  of  experimental 
and  computer  program  results  for  frequency 
response  of  the  model. 

2.  Adapt  the  verified  computer  program  to  predict 
frequency  response  for  the  full-scale  ASTF 
system  by: 


a.  Studying  the  scaling  effects  to  determine 
the  applicability  of  the  one-dimensional 
theory  to  the  large  ASTF  lines. 

b.  Running  the  computer  program  using  typical 
ASTF  conditions  and  summarizing  results. 

Approach 

To  accomplish  these  objectives,  the  model  will  be 
scaled  differently  relative  to  diameter  and  length  of  the 
ASTF  air  supply  because  of  material  availability,  cost,  and 
laboratory  space  limitations.  The  lines  will  be  made  of 
flexible  plastic  tubing  and  coiled  to  conserve  space.  The 
diameters  will  be  scaled  236:1  down  from  the  ASTF  line 
diameters  so  that  available  plastic  tubing  can  be  used.  Th 
ASTF  lengths  will  be  halved  to  conserve  space  and  fit 
available  tubing  lengths.  Only  three  of  the  ASTF  flow  legs 
will  be  modeled  because  Leg  4  is  seldom  used. 

The  computer  program  as  modified  by  Malanowski 
(Ref.  7)  will  be  adapted  to  the  more  complicated  set  of 
series  and  parallel  lines  in  the  experimental  model.  Tests 
will  be  run  to  determine  experimental  frequency  response 
and  the  program  will  be  run  to  plot  these  experimental 
results  vs  theory. 

The  verified  program  will  then  be  used  to  predict 


results  for  the  ASTF  dimensions  and  several  runs  will  be 


/VVV  V  Vt 


II.  Modelin 


The  ASTF  air  supply  and  test  cells  are  shown  in  Fig. 
1.  The  physical  scale  model  was  designed  to  represent  the 
outlined  portion  of  the  ASTF  air  supply  including  three  of 
the  air  supply  legs  which  feed  the  mixing  plenum,  the  mixing 
valves,  the  mixing  plenum,  and  one  of  the  test  cells.  A 
close-up  of  this  portion  of  the  system  is  shown  schema¬ 
tically  in  Fig.  2.  The  dimensions  are  shown  here  and  in 
detail  in  Appendix  B. 

Figure  3  is  a  schematic  of  the  physical  scale  model, 
and  Figs.  4  and  5  are  photographs  of  the  actual  model.  The 
three  input  lines  on  the  model  correspond  to  legs  1,  2,  and 
3  on  the  ASTF. 

Lines 

The  lines  in  the  model  were  scaled  to  half  the 
length  of  the  ASTF  lines  and  were  coiled  as  shown  in  Figs.  4 
and  5  to  fit  in  a  reasonable  amount  of  laboratory  space. 
Preliminary  computer  runs  with  full  and  half-length  lines 
showed  the  frequency  response  curves  to  be  similar,  with  the 
harmonic  frequencies  doubled  in  the  half-length  case.  Thus, 
half-length  lines  could  be  used  to  model  full-length  lines 
if  this  factor  were  accounted  for. 


>  >  /  -»  >  v 


Modeled  P< 


Fig.  3:  Schematic  Diagram  of  Experimental  Model 
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The  diameters  of  the  model  lines  were  scaled  down 
roughly  236:1  from  the  ASTF  lines,  with  the  1.117  in 
diameter  model  lines  corresponding  to  the  22  ft  diameter 
ASTF  lines.  These  diameters  were  chosen  based  on  available 
tubing. 

Pneumatic  Signal  Generator 

A  pneumatic  signal  generator  was  used  to  input 
sinusoidal  pressure  signals  to  determine  frequency  response. 
This  generator  employs  a  piezoelectric  flapper  valve  which, 
when  driven  by  an  AC  voltage,  oscillates  at  the  AC  frequency 
of  the  input  voltage.  The  valve  superimposes  a  sinusoidal 
pressure  signal  on  the  flow  through  the  valve.  This 
pressure  signal  was  then  input  to  the  model  through  lines  1, 
2,  or  3  (Fig.  3). 

Valves 

An  alternate  method  of  simulating  disturbances 
introduced  by  the  mixing  valves  was  a  simulated  valve 
arrangement  consisting  of  an  AC  motor  and  adjustable  cam 
driving  two  0.62  in  diameter  butterfly  valves  (Fig.  6). 

This  arrangement  allowed  the  valves  to  oscillate  from  0°  to 
+24°.  The  valve  frequency  was  l/30th  of  the  motor  RPM. 

As  flow  entered  line  2  or  3,  the  valve,  oscillating  back  and 
forth,  provided  the  appropriate  area  change  to  create  a 
pressure  signal  on  the  mean  flow.  The  signal  created  by 
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1.  Mean  Pressure  Transducer 

2.  Leg  2  Input  Fixture 

3.  Leg  3  Input  Fixture 

4.  Dynamic  Pressure  Transducer 

5.  AC  Motor 

6 .  Cam 

7.  Oscillating  Shaft  with  Valves  in 
Legs  2  and  3  Input  Fixtures 

Fig.  6:  Close  View  of  Dynamic  Valves  with  AC 
Motor  and  Cam  Arrangement 
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the  valves  was  unsatisfactory  for  determining  frequency 
response,  and  these  valves  were  abandoned  in  favor  of  a 
pneumatic  signal  generator.  Chapter  VII  reports  the 
results  of  measurements  made  on  these  valves. 

Venturis 

The  venturis  in  the  ASTF  test  cell  are  shown  schema¬ 
tically  in  Figs.  7  and  8.  Any  number  of  the  venturis  can  be 
closed  off  at  any  time,  but  the  cell  normally  operates  with 
either  two  or  nine  open. 

The  open  venturis  were  modelled  experimentally  as  a 
single  opening  with  a  diameter  diameter  corresponding  to  the 
open  area.  The  area  ratio  between  the  venturi  and  the  22  ft 
diameter  duct  was  matched  in  the  model.  Since  the  area 
change  through  each  ASTF  venturi  is  small  relative  to  the  22 
ft  duct,  the  use  of  a  straight  tube  to  model  the  converging- 
diverging  venturi  was  considered  justified.  The  throat 
diameter  of  Venturi  1  corresponded  to  the  ASTF  case  with  two 
venturis  open,  while  Venturis  2  and  3  represent  nine  open 
venturis  in  the  ASTF  case. 

Since  the  model  venturi  was  to  oe  half  the  length  of 
the  ASTF  venturis,  but  only  l/236th  of  the  diameter,  it  was 
impossible  to  model  it  exactly.  The  two  venturi  models  used 
are  shown  in  Fig.  9.  Venturi  2  is  at  the  throat  diameter 


Fig.  7:  Close  View  of  ASTF  Test  Cell 
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Venturi  Models 


for  most  of  its  length  while  Venturis  1  and  3  have  only  a 
short  throat.  These  two  venturi  models  also  appear  in  Fig. 
5. 


Flow  Straightening  Grids 

The  ASTF  flow  straightening  grids  and  Foreign  Object 
Damage  (FOD)  screens  shown  in  Fig.  7  are  honeycomb-shaped 
passages  made  of  thin  sheet  metal  which  serve  to  create  one¬ 
dimensional  flow  into  the  engine  and  prevent  engine  damage. 
The  model  uses  1/16  in  thick  perforated  metal  plates  to 
simulate  the  flow  straightening  grids.  The  diameter  of  each 
of  the  31  holes  is  0.125  in.  If  the  perforations  are 
considered  as  a  single  hole,  the  corresponding  diameter  is 
0.696  in.  The  percentage  area  reduction  through  the  model 
grids  is  61%  for  each  grid.  The  ASTF  grids  with  all  FOD 
screens  in  place  represent  a  48%  area  reduction  in  the  first 
(upstream)  grid  and  52%  in  the  second. 

Materials 

The  tubes  used  in  the  model  were  of  high-density 
polyethylene  and  polypropylene.  These  tubes  were  flexible 
enough  to  be  coiled,  but  stiff  enough  that  the  walls  could 
be  considered  rigid.  The  junctions  were  machined  of  clear 
plexiglass  and  the  tubes  were  joined  to  the  junctions  with 
either  PVC  cement  or  five-minute  epoxy. 


III.  Theory  and  Analysis 


The  computer  program  is  the  same  as  that  used  by 
Malanowski.  His  thesis  (Ref.  7)  contains  the  necessary 
background  analysis.  The  theory,  based  on  the  assumption  of 
one-dimensional  plane  waves,  is  good  for  larger  lines,  but 
is  restricted  in  its  application. 

As  discussed  in  Kinsler  (Ref.  5),  the  one 
dimensional  assumption  is  only  valid  when  the  wavelength  of 
the  signal  is  longer  than  the  radius  of  the  tube.  Assuming 
a  sonic  velocity  of  1100  ft/sec  and  a  wavelength  equal  to 
the  radius  of  the  largest  ASTP  line. 
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crit 


100  £*£les 
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the  critical  frequency  for  the  largest  ASTF  line  is  100  Hz. 
Thus,  the  one-dimensional  assumption  is  valid  for  the  ASTF 
system  at  frequencies  below  100  Hz. 

As  Malanowski  reports,  the  computer  program 
calculates  the  end  impedance  as 

z  =  ?end 
end  Qend 
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For  the  predictions  on  the  experimental  model,  the  pressure 


drop  across  the  end  orifice  was  used  to  calculate  Qen^’ 


and  the  flow  rates  upstream  were  calculated  using  the 

continuity  equation: 

q  =0  pen  d 

uline  uend  p line 

The  pressures  were  measured  at  several  points  upstream  to 
obtain  the  densities  assuming  an  isothermal  pressure  drop 
and  using  the  ideal  gas  law. 

The  F-100  engine  will  be  the  first  engine  tested  in 
ASTF,  and  its  operating  envelope  provided  typical  ASTF 
operating  conditions.  The  DC  resistance,  also  used  to  model 
the  ASTF  end  impedance,  was  calculated  as  follows  using 
Pend  an<*  ^end  obtained  from  the  F-100  envelope: 

2 

P  P  p  * 

end  end  _  end 

Qend  (m/p  >end  <mRT>end 

The  pressures  and  temperatures  upstream  were  then  determined 
from  the  isentropic  flow  tables  using  area  ratios.  The 
steady-flow  pressure  drops  across  the  upstream  lines  were 
assumed  to  be  negligible  because  of  the  large  diameters. 

The  venturi  pressures  were  assumed  to  be  the  same  as  P  .. 


Krishnaiyer  and  Lechner  (Ref.  6)  found  their 


approximations  to  be  valid  from  0. 1  <(jJ<oo,  whereCJ^  is 
the  characteristic  frequency  defined  as: 


8  7T  ^ 

A 


The  value  of  0.1  for  the  smallest  diameter  ASTF  line  is 
-4 

1.2x10  Hz,  so  the  theory  should  be  valid  between 
1.2xl0-4  Hz  and  100  Hz. 


IV.  Experimental  Apparatus 

Figure  10  is  a  schematic  of  the  major  system 
components  and  Figs.  11  and  12  show  the  arrangement  of  the 
apparatus  in  the  laboratory.  The  test  apparatus  consisted 
of  two  major  subsystems:  the  pneumatic  signal  source  and  the 
signal  analysis  equipment. 

Pneumatic  Signal  Source 

The  pneumatic  signal  source  included  an  electronic 
signal  generator,  a  linear  amplifier,  a  push-pull  amplifier, 
and  a  pneumatic  driver.  Appendix  C  contains  the  equipment 
specifications. 

An  electronic  signal  generator  in  one  of  the  wave 
analyzers  provided  a  sinusoidal  voltage  which  was  amplified 
first  by  the  linear  amplifier  and  then  by  the  push-pull 
amplifier.  This  amplified  signal  drove  a  piezoelectric 
flapper  valve  in  the  pneumatic  driver.  The  flapper  valve 
oscillated  at  the  signal  frequency  and  superimposed  a  sinu¬ 
soidal  pressure  signal  on  the  mean  flow  through  the  driver. 


Signal  Analysis  Equipment 
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Fig.  10:  Schematic  Diagram  of  Experimental  Apparatus 


frequency  counter,  a  strain-gage  mean  pressure  transducer,  a 
DC  digital  millivoltmeter ,  two  dual-beam  storage  oscillo¬ 
scopes,  a  mercury-in  glass  thermometer,  a  precision  mercury 
barometer,  and  a  rotameter  type  flowmeter.  See  Appendix  C 
for  specifications. 

The  dynamic  pressure  transducers  measured  the  input 
signal,  the  signal  at  the  end  of  the  line,  and  the  signal 
just  upstream  of  the  venturi.  The  transducer  outputs  were 
fed  into  the  charge  amplifiers  and  the  amplified  signals 
were  then  input  to  the  RMS  voltmeters  in  the  wave  analyzers 
for  gain  measurements  and  to  the  dual-beam  oscilloscopes  for 
phase  angle  measurements.  The  RMS  voltmeters  measured  only 
at  the  signal  frequency,  and  filtered  all  other  frequencies. 
The  frequency  counter  provided  better  resolution  of  the 
signal  frequency  than  was  available  from  the  wave  analyzer 
dial. 

The  strain-gage  pressure  transducer  and  milli¬ 
voltmeter  were  used  to  monitor  mean  line  pressure  and 
measure  pressure  drop  across  the  end  orifice  to  calculate 
flow  rates.  The  flowmeter  was  used  to  measure  volumetric 
flow  rate  for  comparison. 

A  thermometer  and  barometer  were  used  to  measure 
ambient  temperature  and  pressure.  Wilda  (Ref.  11)  provides 
a  more  detailed  description  of  the  signal  analysis 
equipment. 


V.  Experimental  Procedures 


All  equipment  required  a  warmup  period  of  approxi¬ 
mately  an  hour.  The  procedure  began  with  recordings  of  the 
ambient  temperature  and  pressure.  For  cases  involving 
blocked  lines,  the  mean  pressure  transducer  provided  the 
mean  pressure.  For  cases  involving  flow  in  the  lines,  this 
same  transducer  was  used  to  measure  the  pressure  upstream  of 
the  end  orifice  and  at  various  points  in  the  lines. 

The  desired  frequency  was  set  on  the  input  signal 
wave  analyzer  and  verified  on  the  frequency  counter.  The 
receiving  wave  analyzers  were  then  locked  on  the  output 

signals.  The  RMS  values  of  P.  .  ,  P  , ,  and  P 
*  input'  end'  vent 

from  the  three  wave  analyzers  were  then  recorded.  Phase 

measurements  between  P.  and  P  .  and  between 

input  vent 

Pinput  an<^  Pend  were  mac*e  by  positioning  the 
oscilloscope  cursor  on  the  point  at  which  the  input  wave 
crossed  the  axis  on  the  positive  slope  and  recording  the 
dial  reading.  The  cursor  was  then  moved  to  the  point  at 
which  the  output  signal  crossed  the  axis  on  its  positive 
slope  and  the  new  dial  reading  was  recorded.  Finally,  the 
display  factor  (milliseconds/centimeter)  and  the  mean  line 
pressure  were  recorded. 
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Phase  information  was  impossible  to  obtain  at  some 
frequencies  because  of  noise  and  small  signal  size.  The  RMS 
voltmeter  in  the  wave  analyzers  were  difficult  to  read  at 
some  frequencies  because  of  noise.  At  these  frequencies,  an 
average  signal  size  was  recorded. 

The  computer  program  processed  the  data  for  compar¬ 
ison  with  theory  and  the  results  were  plotted  by  the  Calcomp 
plotter  on  the  same  set  of  axes. 


VI.  Experimental  Results  and  Discussion 


Schematic  diagrams  showing  how  the  lines  in  the 
experimental  model  were  input  to  the  computer  program  are 
included  in  Appendix  B  (Figs.  61-63).  Tables  I  and  II  show 
which  input  line,  venturi,  end  orifice,  flow  rate,  and 
atmospheric  conditions  were  used  in  each  case. 

Blocked  Line  Cases 

The  series  of  tests  with  blocked  lines  was  run  to 
demonstrate  agreement  with  the  well  established  theory  for 
blocked  lines  on  this  complex  model.  A  comparison  of  cases 
1,  2,  and  3  (Figs.  13-20)  shows  the  effects  of  inputting 
signals  at  the  three  different  lines  corresponding  to  legs 
1,  2,  and  3  in  ASTF.  Comparison  of  cases  3,  4,  and  7  (Figs. 
17-28)  shows  the  effect  of  different  venturis  (see  Fig.  9 
and  Table  I  for  venturi  dimensions).  The  "mean  gains"  were 
obtained  from  a  visual  interpretation  of  the  figures. 

The  data  show  generally  good  agreement  with  theory 
over  the  entire  range  20-200  Hz.  Large  disagreements  occur 
in  some  ranges,  especially  at  low  gains.  The  signals  at  the 
end  of  the  lines  (pen(j)  at  these  points  were  too  low  to  be 
measured  accurately  by  the  wave  analyzers.  The  mean  gain  at 
the  end  of  the  lines  in  cases  1-3  is  about  the  same  (-30 


dB) ,  which  is  to  be  expected.  The  curves  for  cases  1-3  show 
the  same  general  shape  and  show  little  effect  of  different 
input  lines.  The  mean  gain  at  the  end  of  the  lines  in  case 
4  is  about  -40  dB.  This  is  as  expected ,  because  of  the 
larger  resistance  of  Venturi  2.  The  mean  gain  at  the  end  in 
case  7  is  about  -18  dB,  which  is  higher  than  the  other  case 
because  of  lower  resistance  through  the  venturi.  The  mean 
gains  upstream  of  the  venturi  (pvent/pinput )  are  about 
-16  dB  in  cases  3,  4,  and  7.  This  is  higher  than  the  gains 
at  the  ends  of  the  lines  *pen(j/pinpUt )  •  again  because  of 
the  venturi  resistance. 

In  general,  the  gains  agreed  with  theory  within 
+5  dB  with  exceptions  noted  above.  Due  to  the  small  and 
noisy  output  signals,  phase  information  was  more  difficult 
to  obtain  accurately.  Phase  angles  generally  agree  within 
+10%,  with  few  exceptions. 

Cases  with  Mean  Flow 

Cases  with  mean  flow  in  the  lines  were  run  to  deter¬ 
mine  correlation  with  theory  and  to  show  the  effect  of  mean 
flow  on  results.  Cases  6  and  8  (Figs.  29-36)  compare  the 
effects  of  two  different  venturis.  Comparing  case  9  (Figs. 
37-40)  with  case  8  shows  the  effect  of  a  lower  volumetric 
flow  rate  and  a  smaller  end  orifice.  The  flow  velocities 
ranged  from  0.1  to  160  ft/sec. 


With  the  exception  of  the  gain  at  the  end  of  the 


line  (pen<j/pinpUt* '  *-n  case  6,  the  data  show  good 
agreement  with  theory.  The  gains  at  the  end  of  the  lines 
did  not  agree  as  well  with  theory  as  the  gains  measured 
upstrem  of  the  venturis  (pvent/pinput *  •  a9a^n  because  of 
noise  and  small  signal  size.  These  signal  sizes  ranged  from 
2  to  110  mV  in  cases  8  and  9,  and  from  0.3  to  10.5  mV  in 


case  6.  The  mean  gain  at  the  end  of  the  line  in  case  6  was 
about  -30  dB  compared  to  -20  dB  in  case  8,  because  of  the 
larger  venturi  throat  in  case  8.  The  mean  gain  upstream  was 
about  -15  dB  in  case  6  and  -18  dB  in  case  8,  showing  that 
the  venturi  looks  more  like  a  blocked  line  (less 
attenuation)  in  case  6.  The  mean  gains  in  case  9  show  little 
difference  from  those  in  case  8. 

An  overlay  of  cases  6  and  3  (same  geometry)  shows 
about  3  dB  less  calculated  gain  in  case  6  due  to  the  open 
line,  and  about  15  dB  less  in  measured  data  at  the  end  of 
the  line.  The  gain  upstream  in  cases  3  and  6  shows  almost 
no  change  due  to  flow.  Comparison  of  cases  7  and  8  shows 
less  gain  in  case  8  at  most  frequencies  due  to  flow,  but  the 
venturi  has  less  effect  on  differences  between  gains 
measured  upstream  and  at  the  end.  Case  9  shows  about  1.5  dB 
less  gain  upstream  and  2.5  dB  less  gain  at  the  end  due  to 
flow.  The  curves  are  virtually  identical  in  shape. 

Agreement  between  theory  and  experiment  in  the  cases  with 


mean  flow  was  within  +2  dB  measured  upstream  of  the 
venturi  and  +5  dB  measured  at  the  end  of  the  line,  with 
the  notable  exception  of  case  6.  Two  possible  reasons  for 
the  disagreement  in  case  6  are  low  signal  size  and  the  fact 
that  the  venturi  diameter  (.093  in.)  was  less  than  the 
diameter  of  the  end  orifice  (0.120  in.).  The  venturi  would 
thus  act  as  an  orifice  and  cause  larger  attenuation 
downstream  than  predicted  by  the  computer  program,  which 
models  the  venturi  as  a  line.  The  phase  measurements  in 
case  6  were  extremely  difficult  because  of  noise  and  small 
signals.  The  phase  measurements  agree  within  +10%,  with 
few  exceptions. 

General 

The  data  show  quite  good  agreement  with  theory  over 
a  range  of  geometries  and  conditions.  The  gains  are 
generally  about  3  dB  less  due  to  flow.  The  phase  angles 
also  show  excellent  agreement  where  good  measurements  were 
obtainable.  The  frequency  of  the  first  harmonic  in  all 


cases  was  2  Hz. 
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VII.  ASTF  Results  and  Discussion 


Schematics  of  the  ASTF  lines  showing  how  they  were 
input  to  the  computer  program  are  included  in  Appendix  B 
(Figs.  64-66).  Table  III  contains  the  system  configuration 
for  each  case. 

Blocked  Line  Cases 

Although  a  blocked  line  represents  an  unrealistic 
case  for  ASTF,  it  represents  an  upper  limit  on  results 
because  the  end  impedance  is  infinite.  Blocked  lines  also 
allow  comparison  of  the  effects  of  different  input  legs 
(cases  1-3)  and  the  effect  of  FOD  screens  added  to  the  flow 
straightening  grids  (cases  4  and  5). 

The  results  from  cases  1-3  (Figs.  41-46)  show  the 
same  general  trends,  but  there  were  larger  gains  in  case  2 
compared  with  case  1  and  larger  peaks  and  valleys  in  case  3 
compared  with  the  other  two.  All  cases  show  greater  attenua¬ 
tion  at  higher  frequencies.  The  highest  gain  occurs  consis¬ 
tently  at  0.8  Hz  in  all  three  cases,  and  the  gain  values 
ares 

Case  1  28.8  dB 

Case  2  36.3  dB 


Case  3 


24.8  dB 


The  results  from  cases  4  and  5  (Figs.  47-50)  show 
the  same  trends  as  those  in  case  3,  with  greater  attenuation 
at  most  frequencies  as  the  percentage  of  blockage  at  the 
flow  straightening  grids  due  to  the  FOD  screens  increases. 
Exceptions  occur  around  90,  131,  and  174  Hz,  where  the  gain 
with  FOD  screens  is  much  greater. 

As  expected,  the  first  harmonic  occurs  at 
approximately  half  the  frequency  (0.8  Hz  vs  2  Hz)  in  the 
ASTF  cases  compared  to  the  model.  This  occurs  because  ASTF 
lines  are  twice  as  long  as  the  model  lines. 

Cases  with  Mean  Flow 

Table  III  shows  the  mass  flow  rates,  pressures,  and 
temperatures  used  in  each  case.  These  conditions  were 
derived  from  the  F-100  engine  operating  envelope  as 
described  in  Chapter  III.  Cases  6-9  (Figs.  51-58)  were 
taken  from  the  supersonic  regime  and  Case  10  (Figs.  59  and 
60)  was  taken  from  the  subsonic  regime.  Flow  velocities  in 
the  largest  ASTF  ducts  were  about  12  ft/sec  in  all  cases. 

The  frequency  at  which  the  first  harmonic  occurs  is 
affected  by  temperature  and  impedance.  Generally,  this 
frequency  is  shifted  upward  by  increasing  temperature  and  by 
decreased  end  impedance.  The  decreased  end  impedance  of 
open  lines  vs  blocked  lines  would  generally  shift  the 
harmonic  upward  in  frequency.  The  ASTF  results  show  no 
effect  of  open  lines  on  this  harmonic  frequency  because  the 


small  engine  diameter  and  large  engine  flow  restriction 
create  a  very  high  end  impedance.  Thus,  the  cases  with  flow 
look  very  much  like  the  blocked  line  cases. 

The  first  peaks  of  each  of  the  curves  occurs  at  0.8 
Hz  in  cases  8-10,  primarily  because  they  are  at  nearly  the 
same  test  cell  temperature.  In  cases  6  and  7,  the  first 
peaks  occur  at  1.0  and  0.9  Hz,  respectively.  This  increase 
in  frequency  is  due  to  the  higher  speed  of  sound  at  the 
higher  temperature  in  these  cases.  A  comparison  of  all  flow 
cases  to  case  3  shows  the  effect  of  temperature  in  that 
corresponding  peaks  occur  at  frequencies  higher  than  in  case 
3  in  cases  6  and  7,  and  at  lower  frequencies  in  case  8-10. 
The  gains  at  the  fundamental  frequencies  (0. 8-1.0  Hz)  for 
cases  6-10  ares 


Case 

6 

23.63 

dB 

Case 

7 

21.49 

dB 

Case 

8 

21.60 

dB 

Case 

9 

24.75 

dB 

Case 

10 

30.99 

dB 

The  mean  gains  in  all  the  flow  cases  are  about  the 
same,  and  match  those  of  the  blocked  line  cases.  The  data 
show  no  trends  indicating  effects  of  flow  rate. 
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General 


The  ASTF  results  show  large  gains  (21-36  dB)  at  the 
fundamental  frequency  (0. 8-1.0  Hz)  and  somewhat  lower  gains 
at  all  other  frequencies  investigated.  The  bandwidth  of  the 
peak  at  the  fundamental  frequency  is  narrow  (3  Hz)  and  the 
gains  fall  off  sharply  either  side  of  this  peak. 

Preliminary  results  of  experiments  with  the  mixing 
valves  in  the  model  indicate  that  butterfly  valves 
oscillating  at  a  given  frequency  do  not  generate  significant 
signals  at  that  frequency.  Most  of  the  output  is  of  very 
high  frequency,  probably  from  vortices  and  turbulence. 
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75  GG  100.  GO  125.00  150.00  1.  75.00  200.00 

REGUENPY  (HERTZ1 

ig.  50:  ASTF  Case  5 


75  GO  '00.00  125.00  150.00  175.00  200.00 

FREQUENCE  (HERTZ) 


75.00  ! 00 . 00  125.00  ’50.00  175.00  200.00 

FREQUENCE  ( HERTZ  l 


REQUENff  f  HERTZ  1 


00  091-  OD'Ofr?-  OO'OZf 

(S33^03Q)  310Nd  3SHMd 


VIII.  Conclusions 


1.  For  blocked  lines,  the  computer  program  gives 
results  which  agree  quite  well  with  experimental  data 
obtained  on  the  physcial  model.  The  gains  agree  within 
+5  dB  over  the  range  20-200  Hz. 

2.  For  open  lines,  using  the  steady-state 
resistance  as  the  end  impedance,  the  theory  matches  the 
general  shape  and  gain  values  of  the  experimental  data. 

With  the  exception  of  case  6,  the  data  match  within  +5 
dB. 

3.  In  both  blocked  and  open  line  cases,  the  theory 
predicts  phase  shift  within  +10%.  Most  values  are  much 
better,  within  +2%. 

4.  In  general,  mean  flow  in  the  lines  reduced  the 
gain  somewhat  less  upstream  of  the  venturi  than  at  the  end 
of  the  lines.  This  was  due  to  the  lower  end  impedance  in 
the  cases  with  flow. 

5.  The  data  verify  that  the  theory  can  be  used  to 
accurately  predict  frequency  response  on  large,  complicated 
systems  of  lines.  The  theory  is  applicable  to  the  ASTF 
ducting  below  100  Hz  because  the  wavelengths  below  that 
frequency  are  larger  than  the  radius  of  the  largest  ASTF 


duct. 


6.  The  cases  run  on  ASTF  show  very  little  change  in 
mean  gain  with  frequency.  The  fundamental  frequency  occurs 
at  0. 8-1.0  Hz,  depending  on  temperature,  at  peak  gain  values 
of  21-36  dB.  The  bandwidth  of  this  peak  is  very  narrow  (3 
Hz).  The  complex  ASTF  system,  with  its  multitude  of  flow 
paths  and  valves,  is  unlikely  to  see  a  sustained  signal  at  a 
single  frequency,  but  is  more  likely  to  see  a  variety  of 
frequencies  which  will  be  constantly  changing.  Thus,  due  to 
the  narrow  bandwidth  of  the  fundamental  and  the  unlikeliness 
of  a  sustained  signal  at  a  single,  constant  frequency  the 
ASTF  air  supply  investigated  is  unlikely  to  experience  a 
resonant  condition. 

7.  FOD  screens  have  very  little  effect  on  ASTF 
results,  and  the  blocked  cases  show  the  general  trends  of 


the  cases  with  flow 


Recommendations 


1.  The  new  dual-beam  oscilloscopes  are  excellent 
tools  for  measuring  phase,  but  some  means  of  filtering  out 
the  high  frequency  noise  due  to  turbulence  needs  to  be 
found;  perhaps  a  low-pass  filter  could  be  used. 

2.  For  experiments  run  on  the  ASTF  scale  model,  a 
method  of  creating  stronger  signals  must  be  developed.  The 
pneumatic  driver  signals  were  too  weak  at  most  frequencies, 
and  signals  below  10  Hz  were  small  and  non-sinusoidal. 

3.  Automating  the  data  acquisition  process  would 
allow  much  more  data  to  be  taken  in  the  given  time. 

4.  An  investigation  of  the  frequency  range  0  to  20 
Hz  needs  to  be  made  to  determine  the  accuracy  of  the 
theoretical  results  in  this  range. 

5.  More  computer  runs  need  to  be  made  on  the  ASTF 
configuration  to  investigate  the  0  to  10  Hz  spectrum  more 
closely,  and  to  take  into  account  more  ASTF  flow  conditions 
The  lines  in  other  parts  of  the  ASTF  system  should  be  added 
to  the  program,  accounting  for  a  variety  of  open  and  closed 
valves,  and  including  ducting  up  to  the  compressors  and 
turboexpanders . 


A 


6.  More  experimental  data  are  needed  on  the  output 
of  the  butterfly  valves  to  determine  if  they  generate 
significant  disturbances. 
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Modifications  to  Program  as  Used  by  Malanowski 


The  program  of  Malanowski  was  modified  to  accept 
more  series  and  parallel  lines  corresponding  to  the 
schematics  in  Pigs.  61-66.  This  was  achieved  by  renumbering 
the  lines  and  calculating  input  impedances  for  each  line 
looking  downstream,  using  the  standard  code  strings  and 
changing  the  indexing  numbers.  The  gain  and  phase  across 
each  line  in  the  flow  path  were  then  calculated,  again  using 
the  standard  code  strings  and  changing  the  indexing  numbers. 
The  gains  and  phases  from  Pend  to  Pinput  and  Pvent  to 
Pfnput  were  then  calculated  by  multiplying  individual  line 
gains  and  adding  individual  line  phase  angles.  The  phase 
angles  were  adjusted  to  fit  the  range  0  to  -360  deg  by 
adding  or  subtracting  multiples  of  360  deg. 

For  blocked  lines,  the  mean  line  pressure  was  used 
for  the  pressure  in  each  line.  For  open  lines  the  line 
pressure  was  included  in  the  data  field  with  line  diameters 
and  lengths.  The  calcomp  plotter  routine  reading  sequence 
was  changed.  Plots  of  gain  and  phase  at  *he  end  of  the  line 
and  gain  and  phase  upstream  of  the  venturi  are  generated. 


1.  Read  ICAS:  Reads  the  control  variable  which  decides 

whether  or  not  plotter  routine  is  to  be 
used. 

2.  Read  PL:  Read  the  mean  line  pressure  for  use  in 

blocked  line  cases  only. 

3.  Read  TF,  PG,  AMV,  RE,  GAM,  SIG: 

TF  is  the  line  temperature  (°F). 

PG  is  the  atmosphere  pressure  (psig). 

.  2 

AMU  is  the  viscosity/in  ( — - ). 

sec  -°R 

GAM  is  the  ratio  of  specific  heats. 

SIG  is  the  square  root  of  the  Prandtl  number. 

4.  Read  N,  NLINE: 

N  is  the  number  of  lines. 

NLINE  is  the  end  configuration  (open  or  blocked) 

5.  Read  DI(I),  AD(I):  Used  only  in  blocked  line  cases 

where: 

DI(I)  is  the  line  diameter. 

AD ( I )  is  the  line  length. 

6.  Read  DI(I),  AD(I),  P(I):  Used  only  in  open  line 

cases,  where: 

DI(I)  and  AD ( I )  are  the  same  as  above. 

P(I)  is  the  line  pressure  in  each  line. 


Calcomp  Plotter  Routine 

7.  Read  CASE(l):  Reads  the  case  number  (experiment 

identification  number). 


Read  NPTS,  LSMBl ,  LSMB3 : 


NPTS  is  the  number  of  experimental  data  points 
to  be  input. 

LSMBl  is  the  plotter  symbol  to  be  used  for  the 
results  upstream  of  the  venturi. 

LSMB3  is  the  plotter  symbol  to  be  used  for  the 
results  at  the  end  jf  the  line. 

Read  FREQ,  PS,  PR 3,  PRl,  PHS3,  PHSl,  FACT,  PHR3, 

PHRl: 

FREQ  is  the  experimental  frequency. 

PS  is  the  RMS  voltage  output  of  the  input  signal 
transducer. 

PR3  is  the  RMS  voltage  output  of  the  transducer 
at  the  end  of  the  line. 

PRl  is  the  RMS  voltage  output  of  the  transducer 
upstream  of  the  venturi. 

PHS3  is  the  "DELAY  TIME  MULT  (DTM)  dial  reading 
where  the  input  signal  crosses  the  zero  axis 
on  the  oscilloscope  measuring  phase  at  the  end 
of  the  line. 

PHSl  is  the  DTM  dial  reading  where  the  input 
signal  crosses  the  zero  axis  on  the  oscilloscope 
measuring  phase  upstream  of  the  venturi. 

FACT  is  the  "TIME/DIV  or  DLYTIME"  dial  reading 
in  milliseconds/centimeter  on  both  oscilloscopes 
(both  scopes  must  be  on  the  same  setting). 

PHR3  is  the  DTM  dial  reading  where  the  signal 
at  the  end  of  the  line  crosses  the  zero  axis  on 
the  approriate  scope. 

PHRl  is  the  DTM  dial  reading  where  the  signal 
upstream  of  the  venturi  crosses  the  zero  axis  on 
the  appropriate  scope. 


PB3GRA«  to'3<I*.PLT,CLTPUT,PL:T,TAPE5  =  INFUT,TAPC3=PL0T  ,TAPE6=CUTPUT * 
♦'A=E7> 

-pans*: line  stldy/2-r  nethco  hith  branch  short  output 
OIHC'.S'.CN  GRT1  <22C  I  ,OeT J<22  I  ,C  I  < 22  >  ,  AO < 2 2:  )  ,A  P  (220  )  ,C  V<  220  >  • 
10R'<22  »,C\A<22. >«G»A<2ZG>»ASP<22’!> ,FM22-0  > ,RN< 220  )  , GN< 22 1 > , 

2ALN  (22  .  >.CN  <22C  I,  AN  (2  2'.  I  ,8TM22:i  ,AHC  ( 22C  >  •  AZAN  <  22  3  I  ,BZRN<223>  , 
3AZI  \<20'l  ,BZI*  C2C  »  »0C  <220  »  ,0G<22>.  > ,CD <220 ) ,P <223  > ,  =  hO<223 > , 

•  A\'U  <  22  '  »  »CA<22(,  »,flTCA<2  20»,CP6<22-'  »  ,RTP<22C  > .GP < 223  > ,BE T A <22 7 > , 

=a?:t<2;:» ,b2ct(22c  »  ,aey(22;  » ,o<22: » , bet <2:3 »,OHr.pi<no  > 

OI^ENSICN  061<223  l,CB’<22C) ,CH6*<220  >,PHASE1<22C  ) .PHASE 3< 22 2 > , 

♦“HI <22. » ,FHI<22- »,CAS£<22C  I ,CH£? 3 <1 0 0 > 

OATA  FI/3.1 Al=52fe/ 

DATA  TPI/6.:«2i'5J/ 


THIS  JK5SA*  15  FC*  L3  iNFUTS  CAL T 
call  °l:ts<  :  ,c  » 


3  £A  C  <  7  «  * »:CA« 

REAO<  7,, IPL 

A "AC <7,*  »TF  ,Pfi,ANU,  =  £,GAH,S IG 
3£AC<7,«  »  N,*LP  £ 

MAI TE<£.20E  >pl,tf.pg 

F0RPAT<liHC:NCITICN«:,TX,SHL3  INPIT »5X,PHP6ASE=  ,F5.3,2X, 
**HT  =  ,F4.1 ,2X,PHFBAPC=  «F5.2I 

M  BT  TE<£  t21'  i  » 

f:r'*at<:ihblcckeo  c*.oi 


AC  13  ?FE  LT\E  LENGTH 
01  TS  THE  LINE  CIARETER 

A  ONE  for  NLINE  U3ICATES  THE  line  IS  CPEN  and  ANY  OTHER 
NL*dE°  INDICATES  A  6LOCKEO  END. 


d:  o?3  :=i,n 

IF  <\l:N£.£Q.1 »  GC  TC  21 
p  <: i-cl 

REAC<7,*»0! <1 »,*o<: »  , 

GC  TO  j«j 

SEAC<7,-ICI  <I»,AO<I  I.PC1 
CCNTTNLE 
I  NO  =  1 

*  =  • 

00  23  I  =  t  , 

PR’ =p<; >*cg 
T  RR  s7F*4o  0 • 

RH0<I»se8B/<PE«TBRI 
A*U  <1 »  =  A“L/SHC< ! ) 

C  A<  r  l:  ;c=.  T(Pfi3,CAM/  =  HC  <1  II 

a  =< : )=s  >c:  <i  >•  ci  <i  »/a. 

CV<  I»s<  ..':*AM<II  l/AR<I) 

?«T  <i  >=cv<r  >/<s:g*s:g> 

CNA  <1  Is  <d .•FI,ARU»/ <AP< I  MAS  <1)1 

o<r  »=. ioN*o ;<  n*oi < :  »*sort<p( i »/RHoc i » > 

CCN  TI  SUE 

0<1  1  iz-.i  71  »*BHC  <7C  »  /AH'  <11  > 

'j<i7»  =  ;;iii«>,HC<i:i/;iH:<i7> 

o:  24  :si3,eo 

o  <i  »  =  :<  i - 1 » •  bhc  <i-;  i/eH;<n 
CONTI  NL£ 

3<-iZlr(;<S  >'3K<E0>/3FC<B2l 

o:  2 e  :  =  E2,C4 


con'I'.le 

6«\i=.«»<€At*-l.  > 

o:  2$  :-i 
pbr=p<  :  i*pg 

GI»A«  I  »  =  T£PP-AF  C  t  > 

AG*C  l=AR  <r  1/  <GAH»PBP  » 

0TCACI»=0.2S«CACI> 

26  F\<  ri  =  SrCAC:»/ACC  » 

net  =9 
0H  =  ).l 

r=* . 

40  OC  33  J=l.NST 
M=H*1 

r=r«ou 

u=tpt«» 

OC  27  :=i,\ 

A:G-»5'3G3T<U/CV(I) I 

27  4'.<n=CNA<II*(.37S*AP6*(.375/(4.*APG)>) 

OC  23  1  =  1,*: 

OCCI  =  .23*$QPT<fc/CP7<n)«.125«'CRT(CPT«I>/W> 

06<  I  I  =  ',QR  T  (  W/C  H  T  <  I  M-.125«SCRTCCPTCI»/W» 

00<  I  »=OC(I».OCC),OS<  t»«csti> 

23  G‘.<  I  >  =  ».•(  GAP-1.  )*AGMI>  >CGC  I  >/CC  C I » 

o:  2?  :=i,n 

A?  ;  =  .*:  •  >a»T<CV<I  »/«  I 

2  9  A  L‘<  ( I  >  =Rh:m*(l  .♦A  =  G-(ARS«  1 15  . -C  V<  I  »/ C  U«64  .  >  »  >  » /AR  (  I  » 

0-  2  i  !  =1  t’i 

3  0  C\<  :  »  =  4G«*(!  >•  (1  .♦  (<GAP-i.  >»DC(I  )/00(I  >  >» 

t-:«p=-u*p 

c  calculates  alpha  anc  beta  <prcpagat:cn  cpebatc®) 
o;  3i  ;=i,- 

T  £9  1  =  ?V  < I  )«  6N (I  »*T£PP«ALNa  »*CN(X» 

TE**2  =  b»  (PNCMCMI  >  *6MII«ALMI  )  > 
call  PTC4FCAPG1 ,APG2,TEPl»TEP2> 

AN< !»=ARG1 
HT-JCI >=AFG2 

31  A«C<I»  =  T°T/eTf.<I) 

C  CALCULATES  CHARACTERISTIC  IHPEDAMJt 
3:  3  2  !=1,N 
TE-lsU'ALM!) 

T  £4  2 -M»  C'l  ( I  1 
7£43=c  \  (I  J 

CALL  C’JP0\MAR61.ArG2,TEP3,TEMl,TEK4,TEP2l 
CALL  E'C*FlAZP\I»flZPM»AREl  *  A9G2  > 

AZS  MI  J  =AZr  M 

32  9Z”»<  I»=82EM 

C  CALCULATES  Z  ENC/ETC  L!»E  CCNOITICN  LSED  HEPE 
!  PC  NL  I  '•£•  EO.l  »  GO  TC  1C. 2 
az: %<7;  »=i:?gco 
60  10  2' 7  3 

1100  AZ:.N(  7.  »=FC7J  I/QC7J  » 

2"  Ci  1  9ZI  N< 7  '  »  =  1 

OC  30 ••  1=63,69 

az: nc I »=i j  ;  'oc 
3 "  c  o  bz:m:i=: 

C  CALCULATES  Z  IN  1  THRU  3 
OC  33  1=1,5 
te>»3=a-.c:  >•  ao  <  r  > 

Iff  tEH=  ,GT.*-«.  »  GC  TCP 
A®Gi=c:oHr'EPP» 

A  =  J2=3:  NrttTfPP) 

»t«r=HTNCt».AC<:i 
TE4P=c  :;(t;*5i 


TENI  =  A;G2»'rL8F 
T£«f=S  INC  T£R5> 

T"32  =  A7S2.T£*'P 
TE<*«  =  AAG1  .TFXF 

CALL  CNPONCARGl  .AKG2.TE81  .T£H2,TE83»TEM> 

t  -:h  » =  a  z  •?  n  c  i » 

Til’^ez^ci 

CALL  C',P8PCTE»'2.T£8  4.TEH1.TE*2.ARG1  .AP62> 

AZI  MI»=TE83 
33  BZINC! »=TE*4 
C  CALCULATES  2  IN  fa  TPRU  U 
0"  54  1=6. 11 
T£’*1=A2PN<I  » 

TE82=8ZPSC5  » 

7£M3  =  A7:.SC*39» 

TOMsaznc:*;** 

T  E*  3  =  AN  <  I  > 

T£Hr=ACCI » 

T  £1 7  =  BT  N  C I  > 

CALL  CAL2:L<AAe6,BAPG,T£f«l,T£P2.T£H3»TEHA»T£P5.TE>*6,TEN7) 

AZI -.Cl  »  =  AA*G 
34  bzin<:»=ba&g 
C  CALCULATES  Z  IN  12  THAU  16 
03  35  1=12.16 

t  e  « :  =  <  z - si : » 

T£82=BZPNCI  » 

T Ei 2  =  AZIN  II -1 1 ) 

TCH4=BZINCI-11I 
TE43= ANt! » 

TE'AEsAOCI  ) 

T-:*7=Br\C!» 

CALL  CALZIf.<AAPG.BA?G.TE81.TE82.TE83»TEH4,TE*l5.TEH6.TE87> 

»z:  •,<:  i = a a£ g 

35  3ZINCI  l=8Af  S' 

C  CALCULATES  SECE-VING  Z  FCP  LINE  IT 
TE«1=AZIN<11» 

TEBiseZINCl  » 

TEH3=AZINC12I 

TEMAsezr;ci2» 

CALL  Z- 0SACAZCTI.BZCTI.TEN1 » T EP%»  TE 83  ,  TE P4 > 

AZ3T<17»=AZCT! 

bz3tut»=hz:ti 

C  CALCULATES  Z  IN  17  INCLUDING  R-TRANSDLCER 
Tf8’ sA?o\C1T) 

Tr‘*:  =  B?°NC:7l 
T£13  =  AV  Cl  71 
Tt'*-*=ACC17> 

TEH  5  =  87  M17I 

CALL  CALZIT.CAZIM  .8ZINI  .TEH  1  .  TE  82  .A  ZQ  T  I  .BZOTI  .  T  E  83  «  TE*<4  ,TEM5  » 

a  zi  *•  c  i 7  >=az:n  i 
bz:n<i7)=bz:ni 

C  CALCULATES  Z  1 7.  It:  AND  1  J 
03  36  1=13.19 
T  £81  =  A/RN  C I » 

TEHI=§ZRNC; » 

TE>*?  =  AZINCI-t  » 

T  £■*  4=EZINCI  -1 1 
TEM;=ANCI» 

TEl6=A0CI » 

TE“7=B*NCII 

CALL  CALZI*  CAZI'  I.BZIM.TEH1.TE82.TEH3,TEM4,TE-5.TE"6.TEH7» 

az»mi»  =  az:at 
36  bz:.«:»=bz:m 

C  CALCULATES  sEC£:vi*G  Z  e'»  LINE  20 

7  f  t ;  =  a  7  r  *.  c : ' » 


A- 7 


$  (&. 


T*N2=eZINCl  i  I 
TEN3=A»INC13t 
TE«C4  =  eZINC13l 

CALL  ZEBRACAZOTt.RZCTI.TC“l . TEM2 .TCH3.TEM4 > 

AZ0TC2  l  =  AZ CTI 
RZ1TC2  '  l=RZOTI 

C  CALCULATES  Z  I*i  FOR  CINE  20  INCLUDING  R -TRANSDUCER 
T£*i=*7RNC?'  » 

TtM;=BZPNCI*  » 

T*-M?rANC23l 
TEM4=AC  «? 'J » 

T-:Rj  =  E’NC2.  » 

CALL  CALZINCAZINI  .BZINI .TEMi.TEMS  .AZOTI.BZCTI  .TEMJ  *  TE  M  «  TEM5  I 
*71  NC2  i  »  =  *ZINI 
RZISC2  I  =  BZ 1 N I 

C  CALCULATES  Z  IN  21  THRU  *1 
OO  3T  1=21. *1 
*£•*1  =  A7RNCI  j 
t r*; =fl7RN<! i 
TFM  ?=  A7  IN  C I  -1  I 
T  EM 4  =BZ IN  C I -1  » 

TFM?s*\ Cl » 

T  EM<=  CO  C I  I 
T^'*7  =  BTN(  II 

CALL  C4LZINCAZIM  »B  ?I  NI  .TE“1  «TE  M2  .TEM3  ,TEM4  .  TE“S  .TEM6,  TEMT I 
A7T  N( l l  =  AZI M 
37  BZI  Mil  =BZI  M 

C  C*L  CU  L*  TE  S  RECEIVING  Z  FOR  LINE  42 
TEMl=AZINC41 I 
TE*i:=eziN(4i  i 
TEM J= AZINC1 41 
TF'**  =  R7INU4| 

C*LL  Z:BR»C*Z0T1  .HZCTI  .TER1  »TE*2«TEM3»TEM*I 

AZ>TC4?|=AZCTI 

R771 <4 TI=B7rTI 

C  C*LCUL*  TES  7  IN  FOP  LINE  42  INCLUDING  P-TPANSDUCER 
rE**  l  =  *7R N  C4  2  I 
TFM?  =  8ZRNf*,?> 

TEM J=ASC*2I 
TF***  =  *0C4<I 

T£M5=P*NC42)  • 

CALL  CALZU  CAZIM  .BZIM  ,TEM1.TE*2  .AZCTI  .B20TI  .TEM3,TrM*,TE“5> 
*ZI  NC*'!I  =  A7!N! 

BZIM4  >|SB7INI 
C  CALCULATES  Z  I*  43  THRU  4P 
DO  39  I  =4  3  » *£ 

’r,*1  =AZ9N  Cl  I 
TE*C2  =  e79NCI  I 
TEN3  =  AZI*ICI  -1  I 
T EM 4  =  HZ IN  C I -1  I 
T  EM  9  =  AN  C I  I 
'EM*=AOCI  I 
T  LM  T=BT  SC  1 1 

CALL  CALZH  CAZlM.BZINI  .TEM1  .TEM2  .TEM3.TEMA  .  TEME  .  TEM6,  TEM7 1 
AZINCTIrAZIM 
3»  BZI  S'C  I  »  =  BZI  f.'I 

C  CALCULATES  RECEIVING  Z  FOR  Ll  Nr  49 

TE**1  =  AZINC4P| 

TCM.-’  =  BZINC40I 
T EM  7  =  A71NC1'  I 
T TM *  =  MZ IN  Cc  I 
T  EM'is  *Z  IN  Cl  I 
TE«Cf  =  PZINCl  ) 

CALL  ZEBRATCAZCTI.BZ0TI.TEM1.TER2 .TE M3  ,*E M* ,TEM5, TEMfc | 

A 70  T C 4° 1  =  A 7CT t 


C  CIRCULATES  Z  I*.  FC®  L1M  49  IKCLUDIKS  P.-ER  ANCHCS 
TEHi =A?RN<49) 

T£T;=n?9NtA°> 

TEM'=AN<49I 
T  EM  4s  Afl  <491 
Tr.M5  =  BTM49  » 

CALL  CALZI*  <Az:M*e7lM.TEMl,TEF2.AZOTT»BZPTi,TEW3.TEF*.TEHt» 
AZPi<49»  =  »7INI 
BZIM4°»  =  B?IM 
C  CALCULATES  Z  IK  5C 
T  EMI  =  A2PN  tf '  I 
T  E“2=BZRN (5"  I 
TC«  T  =  AZIM  <*p  I 
Tr*»*  =  8ZIN<A'J> 

TEM5sAM5r  I 
TEMKsAO  <j ■?  » 

T  £M  7r  FT  *,  <  «<■  | 

CA'.L  CALZI»  <A?IMtB2IM.TEM!  tTEM2«TEM3*TEM4*TE'*5*TEH6*TEMT) 

A  71  >\  <*  1  Is  A?  ’  H I 

«7! \<*  l  =  ezir;l 
C  CALCULATES  z  IK  51  AMD  E2 
O  ’  .49  Ti  =  l,E2 
TFM1 sA7*N<T  I 
TfM2sB79’|<:  I 
TE-<»=A7»M<:-44I 
TEM4=E7INI!-44I 
TtMSsAK <1  | 

T  CM  £  =  AO  < I  I 
TCM  T  =  P7M  II 

CALL  CALZII  TAZIM  .BZIM  .TEM1,TEF2.TEM3.TEM4,TEM5,TE“6.TEMT| 

A  71  *  <  I  IsA  2;  f.I 

3=  h?»mti=hz:m 

C  CALCULATES  7ECr!VI*G  7  FOR  LINE  53 
I  S3  7 

Tr«! sA7IN<I  -391 
TCM2=R7IN<T-3E I 
T£m;=»7IN<I-2I 
T  E*  4s  0Z  I N  <1  -?  1 

CALL  ZFBRA<AZ',T:,R7CTI,7cmi  ,T£M2,TEM3.TEM4| 

azotu  isAzrrr 

RZO T< I  IsBZCTJ 

C  CALCULATES  Z  IK  53  ENCLLOIKG  P-TRANEOUCt.R 
tcm:  s  a.»9m<:  i 

TEM;.  SP29UI ) 

TEM  Is  AN  (  I  | 

T  EM  «sAO  <1  I 
TEMr=eTMti 

CALL  CALZI*.<AZIM.BZlM,TEMl»TEM2fAZCTI.BZ0TI.TEM3.TEM4>TEME) 
A  71  *'  <  I  1  =  A  2'  M 
BZTK<  IlsBZI*  I 

C  CALCULATES  Z  IK  54  ANO  E5 
O'  70  I sS  4  »  55 
T  "M  ]  s»79KC  I 
TlM2sP21»I<:  I 
T  EM  3=  A7 I N  < ’ -1  | 

TEM*sez:N<i-i  i 

TFM=s»N  <1  | 

TEMSsACCII 

TFM7SPTM  II 

CALL  CALZIMAZIf  I  .B7INI  .TEMI  ,TE M2 «T EMI *TEM4 ,TEM5 . TE *6  EM7 I 
A  71  •«<  IlsAZIM 
7f  M71M<IIsBZ:M 
C  CALCULATES  2  IF  5fe 
I 

TFMPsA*.  <t  I*  AO  (  I  > 

AOS!  sC:SH<7  EMFI 


A’C.?=Sr<H<7  !  BF  » 

TEMSsB^’XIMAOU  ) 

TCMFrCCSTTEPS) 

TEMt=A0CI*TE»P 
TEM3=ASG2*TfHF 
TEMP  =  SIM  'FH5  » 

Tf«7= A«G2«TCBF 
trv»«  =  »SGl»'  EPF 

CALL  Cvo0 V< ABG! ,APfi2,TEBl,7EB2,TEH3.TEPA> 

Tfr.:«?p‘xn 

TFM^re^ONC  I 

CAL  L  CPOKF<’EP?.TE*'»»TEPl«TEP2«ARGl  »ARG2» 

AZI Nil »=tep: 

B7i  MI  •=T£‘-4 
C  CALCULATED  7  If.  57 
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7E«I =A7PN»: > 

TEM2  =  BZ"».  <!  » 

T?ma  =  B7IMI-1  > 

TEH 5=  A*.  (I  » 

Tt'^  =  AC(I  » 

T  EM  7  =  PTL ( T  ) 

CALL  CAL?I'!<AACG.B«-fG*TrMl»  r€P2,TEH3»TEf»A«TEP5«TEM6tTEM7> 

A7I  \<I»=AA=G 
R/lMn  =  BA"G 

C  CALCULATES  “ECE’VI'iG  l  FOP  LIKE  58 
T  f  M  l  =  AZIM  <r-  ? » 

T  £M7  =  P?i*,’(,'2> 

TEM3  =  AZIKTe’7J 
TEMA  =  P?PI(57) 

CALL  ZEHPAt  AZCTT  .BZCTJ  ,TEf>l  tTE*'2.TEB3.TERA> 

A  7 .1 T  < 5,’  l=A?CTI 

H 7'7  T T 5 '•  IrBZOTT 

C  CALCULATES  ?  IK  SB  INCLLCIKO  P-8PAKCH 
Tr<«:  =  A70|<5'!> 

T  .M2  =  RZTN("‘‘» 

'fM3=AN«5U 

TEMA  =  Ar)<-,«> 

T  EM5  =  HTUC?'.  I 

CALL  CSLZI,'CA7IM«BZIKI  fTEB  1 »TEP2  »AZOTI»BZCTI  »TrB3»TEMAtTFP,’T 

A  7T  S  <  V  I  s  A 7  T M I 

nZINCV|sR7TN! 

C  CALCULATES  RECEIVING  7  F OF  LIKE  60 

te*i  =  az;n(E'’i 
TrM2re?:%c>:p> 

T‘.M3  =  A7!NC!  6) 

T"MA  =  P7tN(1  ;» 

CALL  7E  HR  A I  A7CT  I  »B2CTI  t  TE  *1  «  TE»>2  .TEB3tTEM«  > 

A  Z7  T ( 6  »  =  A7CT1 
B72TC6  '  I  =  P7  DTI 

C  CALCULATES  7  IE  6C  TNCLUOIMS  R-TP  A»iSO  LC  EP 
TE**I  =A7°‘M‘  » 

TEM2=e?RN(E' > 

▼FMJsA'JtS  >> 

T^MArOTGi I 
TEH*-  =  BTMS'  I 

CALL  CAL7IMA7IM  tBZIM  *TEBi,TCB2  tAZCTI»BZCTI  .T EB? ,TEB* »TE B5 > 
»  ZI  \  1 6  >  2  A  7 1 N I 
H/’Mf  »  =  87’NI 

C  CALCULATES  RECtlVI'.G  Z  FCR  LIKE  61 

TrMl2AZI’MF'  » 

TEM2  =  B7INC‘-r  I 
T  £M  Jr A7 1 N  (F  I 
TEMA  =  B2IN«E  » 

CALL  7EOR  A  <  A7rT I »  R7  CT I »  T  EP! «  TE*?  *TEP3»TF  B  A  > 

A-10 


A  T  1  61  >=AZCTI 
8zr<T<6i»=e7rTr 

C  CALCULATES  7  If.  61  INCLLOING  fi-BPANCH 
TEM  !  r  AZPN 161  i 
Tf.82=fl?eN(-iJ  I 
TEN3=AN161> 

TEMA=A0151> 

TEM*=BTN16:  | 

CALL  CALZlNIAZIf  I.H7IM  .TEM1.TCP2  .AZCTI .BZOTI  .TEW?  *  TE  MA  «  TEM5 1 

Az»f;»6i  >=az;ni 

HZ!  N161  >=B7INI 

C  CALCULATES  DECEIVING  Z  FOR  LINE  59 
T  E«*  1  =  AZIN  161  > 

TE«“=BZIN»»1 > 

TCM JrAZl\l51 > 

TCM«  =  R7INI5M 

call  z:eR  ai  azott  .hzi-m  .tepi «te"2 .tems.tema) 

AZ7T15"5  »r  A7CTI 
HZ1 T(S  i  |  =  PZCTI 

C  CALCULATES  7  I*.  5*»  INCLLOING  R-HRANCH 
TEHl=A73NC5t> 

TEM2r07°N15c> 

TEM3=A'1(5’> 

T-CMAraniSM 
TEWS  =  HTM  S'1  > 

CALL  CALZimA7IM.B2lM.TEMl.TEP2  .AZCTI.BZOTI  .TEM3.TEMA.TEM5> 
A  71 M S'MsAZTNI 
BZT  \!5M  =  eZ!NI 

C  CALCULATES  qECE  T  VING  Z  FCP  LINE  62 
TEm:=A7’N<3' I 
T<.M?  =  B7IN  C5C  > 

TFM  Jr  AZINI'-'  > 

TT'1*  =  eZ!N«rl-> 

CALL  ZrHRA(*ZOT: .BZCTI.TEM1 »T£MZ .TEP2.TEWAI 
A70T152  l  =  A7CTI 
BZO  T 162  >=E2CTI 

C  CALCULATES  Z  IN  62  INCLLOING  R-BoANCH 
TLM1=A7RN(6:> 

Tr.M2  =  BZPN<6Z> 

TEM?=AM62> 

TEMA=A0162> 

TEW5  =  8TM€Z  > 

CALL  CALZIMAZIM  .8ZINI  .TEM1.TEP2  .AZCTI.BZOTI  .TEM3.TrMA.TEM5) 
AZ'MEZ  l  =  A7INI 
BZIN16?)=P7INI 
C  CALCULATES  Z  I N  63  Af C  6 A 
0"  A 1  [rtZ.FA 
t:*ti  =AZpMl»  > 

T  LM’sBZRN 1 T > 

TEf  !  =  A7ri  <1  -1  > 

t»wa=bz:nu-i  > 

TEM:  =  AMt  > 

T  C'T  6  =  ATI  II  ) 

TEW7IBTMI  I 

CALL  CALZIf  lAZIM.BZINI.TEMl  .TEP2.TEM3.TEMA.TEM5.TEM6.TEMT) 
AZINf  I  •  =  AZT  f  I 
A ]  B7T Nil )rnzi f I 

C  CALCULATES  F11/F17  INCLLDING  R-TBANSCUCER 
I  =1  7 

TrMPsRTNlI)«A01I) 
csn  u=cos i*  i  pp) 

Svntl=SINlTEMF) 

TFMPrAMI  ).  A01I) 

APGirCCSHCTrpp) 

A  °GZ  =  3 1 NH  1T  f  MF ) 

TEMl  =  AR6l*CSBIl._ .  ...  . . . 


TEN2=ARG2*SARJ1 
AZ1TI=AZCTf II 
BZDTI=GZOTII) 

A7TN!  =  A?IMI» 

BZTNIsp/IMTI 

CALL  C,'P0%ITEP7,TCNa«A7CTI.RZ0TI  .AZINI.BZINII 

CALL  CmF»F|TEP3.T{P4.TEP7. 7188.^1  .TEN.  I 

7EMt  =  APG2-CEBU 

tlh4sa,’gi*:».bi  i 

TE*ns  A/t  MI  I 

TEMIOsHZRAI  II 

CALL  CPP0VUEP7.TENO,A2CTI.eZCTi  .TEN9.TEP1"  I 
CALL  CNPmFITFPI.TEH'.TEPT.UNP.TENS.TEPRI 
Tr'11  =  TE*'3-Tri,l 
T  C*  2  sTE  P A -T  £  P2 
TCNPsTEP1.TEN1.TEN2*TEP? 

BETAtt  |sATAM2<TEN2.’EPl  I 
nrr  ii  i=  ns  ./pi  i«beta<:  > 

R  T’  1 1-*  )  =  SOrT  I’f  **F  1 
GP<t-GI=2:.*ALCGir|STPII-6l) 

C  CALCULATES  PI  7 /pj  a  ,r l r- /r l «? 

Or  *2  I=1R.1V 
T^ctP’M  1 1  •  ADI  !  I 
cm:i=cp3iTEPFi 
S»)HIl  =  r.IMTCMFI 
T  EN°=  AM  I  I*  AD  1 1  I 
A<JOI=CC?H|-E*'F) 

A°S2  =S I M*  IT  E  HP  I 
TEN’ =AnGl »CrRIl 
T  EMC  r  A?r,2«,-_  \HI  1 
AZIM1  =  AZIMI-J  I 

rz:mi=pz:mi-i  i 
a  z  i  msazihc:  i 
nzi  U=B7!Ml  I 

CALL  CPPDMUP’.TEP-'.AZIMl  «  BZI  M  1 »  *  Z IM  .  PZINI I 
CALL  CPf»PI,rrP3«TERA«TEP7.TEBR»TEMI  .TE"2) 
TrRE=ABG2#CEHIl 
T  EMc  =  AeGI *S*BI 1 
r[iu/7»M;  i 
T  EM  1C  =HZP  MI) 

CALL  C"PDV|Tr^7,TEP^«AZT»Jll  .BZI  M  l  ♦  TENS  .TEM19  I 
CALL  CPFPFITfPl .TEN2.TEP7.TCPe.TEP5.TEP6) 
TrNl=TrPJ-Tf  PIJ 
TrM2sTEPA-T  fM? 

TCNE=TCP1*t(P1*7EN,«TEP? 

REr*II  l  =  ATA)2("EN2.TCPi) 

R  rT II >  —  C 1 '  . /FI )*HE"AII  I 

RTO  II-X  IsSO*-  THENFI 
a?  Bfi :-i  i=? •  .♦Airci',isTFi:-iii 
C  CALCULATES  riR/T2f  :*CLLCING  R-trANSOLCER 
T  z~ 

T  "NpsPT M 1 1 « ADI  I  I 
CIUIlsCESI’ENF) 

$ni:i=s:mtenfi 

TENPs An  II  I* ADIT) 

A"-,TsCEEHITE*'P) 

A  P'S’sSl  AP  ITf  PF  I 
TEMi=AeGl»CpBIl 
T  EM7s  AB  (»2»I  MB  IT 
AZOTIsA70TI I  I 
BZ7 TIsRZCTI I  I 
A7i  Nt  =  #7IM  !  I 
BZT  MsHZIMI  I 

CALL  CPr0VITEP7.TFNf  .  AZCTI  «  RZOT  I  »AZI  Ail  .BZI  “I  I 
CALL  CPpPFItCP3»TEN*»TEPT,TENA»TEPI»TEP?I 
TF>13SA‘J^,?»C,'BI, 


TC-tsAPSW.BII 
Tp1=»  =  A/»NC!  » 

TC*Ufi=e7AN<:i 

C»LL  C*PD>MTEHTtT£M  ;«4ZCTI«B20TI »TEH9,TCR1C  » 
C»U  C*PRF1 Tf  PI  tTCP2.TEP7,TC*»8»TEP«,TEP6> 
te'u=tepj-tfpi 

TFH2=TEP4-TER2 
Tr'*c=TEPl«Trpi*TE«2»'TE»'2 
BETA(I»  =  ATAM<TFH2,TEPt» 

8E” <r  >- <1<H  ./PI »•«£  **<t  > 

P  T  --»  «  I  - 1  >=SOFTCTfRF> 

6P< 1-1  l  =  2L.«ALGGir  CPTPCI-ll I 
C  CALCULATES  P2P/P21  THFU  P40/P41 
OC  43  T  =  2 1 »*1 
tERF=8TN( 11*40(1 > 

C^HIl=COSCTtHPI 

SKRIl=StN<TFPP» 

T"*»F  =  AN  Cl  »• ADCT  t 
*°r,i  =CCSH<TCMF» 

Aor.'=SIMHCTf  MF» 

Tr'*t  =  ABGl«C"BIl 
TE“2  =  /°G2*rNBn 

47T  Ml? 42  TM  1-1  » 

B2I  Ml  =  H?IMI-l  ) 

421 Nt=»7INCI I 
H2:\I=P2I\(!» 

C4LL  CPP0V<TEP7,TENP,A2INI1,B2IM1.4ZINI.B7INI> 
CALL  C«PPF<7rP3,TC,,4«TEP7.7E*'e»TtPl  »TEP21 
TEH5=A5G2»C«BIl 
rcPf=#^Gi-:>»BU 
T EM  -’  =  A7PN<I  ) 

TE'M.3=B7PMI> 

C»Ll  CHFOVMEM.TEPl  ,  #7  ?NI1  .  B2 1  Ml  .  TEP"  ,TEH1 0  ) 
CALL  C*p»P«TEPI  .TEP;«TE«7.TEPet'rEP'j,TEPE» 

TE'«’  =rr#«s_Tf  Hi 
rrP2=TEP4-TrM2 
TEMFrTEPl«TrHlMEB2*TEP2 
HfTA(I>=AT4f.2(TrB2»TEPl  ) 

»r~  1 1  *  -  C  1  '  ,/PI  ) •  RF  T  A  (  I  I 
»Tr  11-1  > : S Or T C  T E HP  1 
43  GPC  I-l»=2''.«AL0Gl<'tPTPC!-l»> 

C  CALCULATES  P41/F42  INCLUDING  fi-TRANEDUCCR 

T  =42 

TFhc-rtN(I»« ACC  T  I 

C3R ;i=CC3CTEHP| 

SPRI1=7IN(T(pp» 

TFPPrl'MI  »-AO<I  » 

Aor,(=cr?HC'lHrt 
afg:  =5tNHrr»fi 
TrR;:A7Gl«C<.Rll 
T  E’*  2  =  A"  G2  •EFH  J 1 
470TI=470T(I) 
b7:tx=b73tc  r  i 
471  MsAZIMI  ) 

R71  M  =  n?IMCI » 

CAUL  CHPDV<7EP7,TtP=.l2CTI,B20r:,A7INl  tBZINI> 

C»u  C»PHF<TEP3.TF*'<1,TEPT»TFP«I,TEP1,TEP2) 

TEP'i=4BG2.C?Bll 

TF,*b  =  A7Gl*'*iBn 

TE^sA/oNC  T » 

TE**.  )=H7BNCI  I 

CALL  CPP04<TEP7,TE"‘'»47^,i,R2CT!,TEPP»TFplP> 
CALL  CPFHMtm  ,TF*2,TEP7,TEP9.TEP';,TEP6) 

TE"l=TiP3-TE*<i 

TCR2=TEP4-TEP2 
tr.4PsTr»itTr»t4Trm 


•TCP* 


ntr/U  I»sATAN2<T(  *2,  '£(*1  I 

B£T<xi=<ie: ./pi )*bcta(i » 

» TO  <1  —  1 »  =  30FT<rr*p» 

0P<  1-1  >  =  20.*  ALCGU  <RTP«I-1 »  > 

C  CALCULATES  PA2/M3  THAI  PA7/FAP 
DC  A A  !:A3,A6 
TCAP  =  B'N<II*AC(I  * 

C3BU=CrS»T?  HP) 

SMltl='t»l»TlPF> 

TE*P=AMI >* AD(I > 

APTlsCPSHiTCMPI 

A«(J2=STSH<TrPP» 

T*-«41  =  |~G!  «ccb:i 
TEBC=A’’G2*CKBri 
AZIMJsAZtf  <1-1  » 

HZIM1  =  PZIS<I-1  » 

AZ’M^AZIMT) 

B/rM=B7!M«  !> 

CALL  CPPDV<TPP?,TEP-.A2!Nn  ,B2f  Ml  «  A  2 1  M  ,BZIf.'I  > 
CALL  C»"’*M*EH3.TlPA,TFP7iTEPR.T£P1  ,TEP2» 

texe=a9G2*c'b;i 

T  * A°01*C>BI1 
TEM‘?  =  A7‘<*i<T  * 

tchiosbzrm: » 

CALL  CPP0L<TEP7,TFpP,AZ:NIl«e2:Ml.TEP‘3»TE‘ilC  I 
CALL  CBP“PITEPl.Tf  PC,TEP7.TLP8.TE;P5*TEP6» 

TCMi =TEP3-’EP! 

TCM2=UPA-Tr  p2 

TEHD=TEHl*TfPi*TEP2*TEP2 
B  rT  A  <  I  l=ATAA2<Tf  Hf  »  T  C  A1 I 
HrT  <1  1=  <19  ./PI  >*PE  'A<I> 

GrP<l-l  >  =  50f  HTfcHPl 
AA  r,P<I-t>=:  .‘ALOG10  (FTPC-ll) 

C  CALCULATES  “Afi/FAF  IWCLCOINC  P-BRANCHES 

I  =  " 

T  EMF  s  RT  N  < I »♦ ADI  I » 

c'b:i=c-3?«tepp> 

SSBIls' INr  TPP) 

TEHP  =  AMI  )«An<I» 

A  5r,  l  =Cr'  SH  <"  r  PP1 
APR2=SINHCTEBP» 

TftM  =  A9Gl*CiBTl 
TF'»2  =  AKG2»$AHII 
AZOT!=A/OT<T> 

H/ttIsOZCTI  :> 

A?I  MT  =  A/I  M  1 1 

«z:m=p?:m  i  i 

CALL  CPPOAT  *E*'7,TE>»F*AZ<:TI*HZCTi  .  AZ I N I .BZINI > 

C*LL  C'*r>HFC*t*,3,TEP**TE*'7.TEHp.’T«l»TEPr» 

Tf^^rA’Gr.CSBn 

TEBt=ASGl»rf HI1 

TFM-)=  AZB»M!  » 

TCMIOsBZ®ACI» 

CALL  C"POVCTEP7,TF*i),AzrTI.BZCT!  .T€P9,TCP10  1 

CALL  C*ppF«TEP1  .TEP:*TEP7,TEPfi.TtB5tTEPF> 

TLBi=TEP3-TrPl 

TS92=TERA-TEB2 

TfAPsTFPl»'T  E“1*TEH2»TEP2 

BET  AC  I  HATAA2CTEB2  t  TEM  » 

3r'C):(l"  ./PI  )*BETAII  * 

9  TO ( I-l »=SQcT(TrHP» 

RFC  1-1  I=2C.«AL0G1T  (PTFC-ltl 
C  CALCULA  TE3  PAP/PS* 

I  -S 

t-:bp=btmii*ap<i> 
c  :-biiscos«tf(*p> 


-? rjr 7’»’» n .v «:■  <' •.» 1 7 


,  »  ;  r  i! — r  ;  r1'  ir’/ir;  . 


3MI1=SIS<’EMP> 

TT1P=A\<I »• AD<I » 

A°31 =C5SHCTEPP) 

A°r,?=siNK<TCRF> 

TE41=AflSl«C?BIl 
TEB2=ATG2«SfBIl 
AZ1N11=AZIL<I-1  » 

B?IM1  =  PZI*  <1-1  ) 

AZI  *4I=A?IM1 1 
BZINl=«ZIMt> 

CALL  CPP0fc<TEP7,TEB»- .AZINIl  «B21M1,A21M«BZINI» 

CALL  CPPPFITEP3»TEH*»TEP7tTEP8»TEPl *TEP2  > 

Tt’M'j-At?62*Cr-BIl 

TE4A  =  Ac<;i«?KBH 

TE»':»?!"«<I  ) 

TEM10=B7RM  :  » 

CALL  C4PDV<TEM7,TE4  '  »  A/I  Nil  ,  BZI  Ml  ,  TEPB  .TEH1  0  > 
CALL  C*-P*F<tEP1  »TEP?«TEP7tTlPe.TEP5*TEPt» 

T  EH t =TEP3-TEP1 
T-':M?  =  TrP*-';  EB2 
TEMDsTE  PI *T  E  PI *TEP2 »TEP2 
B‘TA<I»sAT«A.2<teKJ»*EP1» 
fl£T  <  I  I  - <  1  P  ./PI  *»RE*A<I  I 
PTP  <1-1  »  =  SOPT<TEBP» 
BP<I-1»=25.*ALCG1C<0TP<I-1>I 
C  CALCULATES  P5H/F62  JNCLLOl*.':  R-HPALCP 
I  =*.2 

T  E4FsBTN< I  )  •  AO <  I  I 

C<B!l=CCS<Trppj 

S»HIls3IN<Tf PF» 

TfMC=A5  tl  I ♦ AP< ' I 
A®S! =Cf3H(*?HF» 

A'r,  -I  =  S!  NH  (T  TMF  ) 

r  FM l =A5Gt •C.BI1 
Tf4r=  «f>G2«5  f  BI1 
AZITIsAZOTl I » 

RZMI:H7JT<:i 

az:m  =  azim  ii 
BZ!M  =  82IN<1  1 

CALL  C'Pnv<TC*7,TE*  •  A/CTI  .  BZOT  i  •  A7I  NI  «B2IM  I 
CALL  C*PPF<*EMtTEP4#TE*7tTCPP»TEPl«TEP2  » 

TEX j=«sG?«CrBIl 

r«-«i=»3  5i  «:«!PXi 

TPAisAZPMI  » 

T  f  .1  rH2°  N  <  I  » 

CALL  C“POV<TEP7,TEP<  *»ZCTI*BZOT  I  tTEPBtTEPl1?  » 
call  CHF“F<TEP;  ,TEwE.TEPT,TtPP,TEP5,TEP'6> 

TT‘11  =Tr"3-**  PI 
Tr«2  =  T'M--’EP2 
Tf4esTLPI*TEBl*TEB2*TEP2 
B'TA<II=ATAf2<TFM2.*EPl» 

PE”  <1 »-<14  ./PI >«R£7A<I  » 


«  ”  <  :-L  "  >  =:  CFT<  Tt**F  » 

G°<  1-121=2  .»ALCG1  1  <«*TP<I-12>> 

C  CALCULATES  Pf2/Ffc3  AfJO  P63/PE* 

DC  45  T=53./4 
TC1csB'MI!»AC<T  » 
c.;rii=cos<tebp» 

S  W  1 1  :  S  I  N  <  T  F  MF  I 
T i  4P  =  Ar;  ii  i.ipc  ) 
acsi 2Crrp<'f*Pi 
A:»;-'s3;nm<’«'PFI 
Tr-i=A=ni«crBIl 
TE42sA0G2»SFBIl 
A/IMl=A/I*i«I-1  ’ 

_ B^UUl^ZXLLL-i  l  - 
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I7[Ms»7IN(1) 

R  71  NI=BZIM  I  » 

CALL  C*'P0V<TE*'7,Tft»'>,*7INn  , BZ I M 1 ,  AZUT  , P7INI I 
C»Ll  CRFMFCTEP2.TER*»TER7,TEHP.TEK1 ,TEP?> 

7  fM«;r»rr,2«CSBTl 
TE«G=Af’Gl«>rKBn 
TE*»°  =  A ?«M!  I 
TEH1 OsBZSCH  !  I 

CALI  C*<P0W<TEB7,TEH«tA7INn  »B7l  Ml  *TEBn  tTE**lG  I 
CALL  C*FBF<TEB1  ,TE^2»TE^7.TEB8»TEK5»TEBfc» 

TE*1.  =TFF»3-7  EMI 
TEM2=TERA-TFH2 
T-:>1F  =  TEFl»’tBl*»Ff*r«TE^? 

BC’ AC  I»  =  ATAr2<TEH2«'E»'l  > 

HE' Cl »  =  < 1 »  ./PI  »«BE TACI » 

PTPCI-1  I = SOFT  C  T  E  ME  I 
A?  RPC  I -l  )=2<’.*  ALOGH  C  FTP  C  T-l I  I 
C  CALCULATES  GAIN  A1/E3 
•”■071  =  1 
Dl  *6  I  =  a  1 « r- r 
AC  0TnTl  =  =TP7l *PTPCI  » 

PTP71=FTPTl«RTPC62»*RTPC63l 
G°'rl  =  2'.*AL,'Gl''  CF’PTl  1 
C  CALCULA  TES  GAIN  1  9/F3 
■>TP72  =  1 
03  A  7  1  =  19,  V 
A 7  otpT2=c TPT’»RTPCI I 

RTOT2=eTFT:* “TPT1 
St'T2  =  7  .•ALCR1C  CRTPT21 
C  CALCULATES  GAIr:  11/63 

0TPT;3t«TPT;*PTPC1>>  I » RTP C 1 7 I • RTF  dll 
RpT3  =  2’«*ALrGlT  CF  TP  7  3  I 
C  CALCULATES  FHA-r  ANCLE  A2/M 
R'T  Airs' 

07  AB  I  =  A2,*( 

Afl  HETAIRiBETAIRtBETACU 

nr  *<?  r=c2,6A 

AR  BrT AlBzflE TA1R«BET AC  I  I 

C  CALCULATES  FMAn  ANCLE  CT/C* 

HET  A  2H  =  ' 

0"  El  t=2" »«1 

53  BET A?R  =  PE TA20  +  BET AC  I  I 

H"T  A2R  =  9rTA;R»BF  TA1R 
B:‘T  A20=C1°"  »/FI  MBETA2R 
C  CALCULATES  PHA't  ANCLE  17/C* 

RET  A3R=  ' 

O'  El  I  =  IT,1S 

El  BrT A3»rBET A TP»RC T AC  I  ) 

Bf  T  A  3R  =  BE  T  A.'»  «BET  A2  s 
52  I FC RETA3R.LE .C.  I  CO  TC  e 2 

I* FT  ATRiBE  TA  3P-TF1 
r. TO  5  2 

51  IFC  HCTAIo.C.E.-TFI  |  CO  T  7  5A 

R 1  T  A  3P  =  RE  T  A  3R  *TF  I 
R 7  TO  5  5 

5*  tlETA30  =  C18r  «/PII*BETA3P 

*5  TFCBETAlR.Lt.r.l  00  TC  56 

R  TT  A l "  =  BETA1P-TPI 

CO  T7  53 

56  ;fcbetair.ge.-tpi»  CO  TC  5T 

R-_T  Al  F  =  BE  TAl  F  4TT  I 

R  r  TO  3  6 

57  Ri.TAin=ClF- ./PI  »»BETA1P 

{-  UPI Tree  ,T?!  IV  »RFT1 ,PETAI 0,RPT3»BETA1D 

b  >*  1  ro->BATC'>V,F'--.3,2K,FU.A,2ji,PU.*,2K,Fll.A,2X*Fll.*> 

OBTl CBIIRPTI 


D  xx •< » r  r,  o  -  3 
0  I  :  Y 

phasei <m>=detaid 

PH4SEJ<M>=HETA30 

CONTINUE 

GO  TO  (.^if-lDiINO 
Y  - '  . 

OU=l. 

N ST =2n 3 
I  ‘0  =  2 
GO  T0  40 


THIS  SECT  I  Of:  IS  F  OR  THE.  CALCCMP  PLOTTER.  CNF  SET  OP 
E  X  F  r  s  I  ►  F.  N  T  A  L  OA’A  MUST  RE  INCLUDED  UITH  EACH  RUN. 

NP^S  IS  THE  NCPREP  CF  EXPERIMENTAL  POINTS  TO  BE  INPUT. 

L3MR1  13  TH r  PLOTTER  SYMBOL  TO  RE  USED  FOR  GP1  AND  PHU. 
LSHHT  IS  THE  PLOTTER  SYMBOL  TC  fit  USED  FOR  GPI  AND  PHT3. 

SEE  A  CALCCFP  PLOTTER  USERS  MANUAL  FOP  OESCRIFTION. 

F°- Q,°?,PR3  ,PP1 .PH03.PHS1 «FACT.PHR3 »  AND  PHR1  ARE  THE  INPUT 
EXPERIMENTAL  VALUE*. 

F  3E  0  13  TFT  MEASUFEC  FREQUENCY. 

PS  IS  THE  MEASURED  ispot  DYNAMIC  PRESSUPE. 

Pc3  13  THE.  mfASUPEO  OYNAMIC  PRESSURE  AT  THE  END  OF  THE  LINE. 
P°1  13  TFE  MEASURED  OYNAMIC  PRESSURE  UPSTREAM  OF  VENTURI. 
PHS3  1$  ~  FE  DIAL  PEAOING  ON  THE  OSCILLOSCOPE  WHERE  THE 
I  Nn  UT  SIGNAL  CROSSES  THE  ZEPO  AXIS  ON  THE  SCOPE  MEAS¬ 
URING  THE  S’GNAL  AT  THE  END  OF  THE  LINE. 

PH31  13  THE  DIAL  READING  ON  THE  CSC  I LLC3CCPE  WHERE  THE 
INPUT  signal  CROSSES  THE  ZERO  AXIS  ON  THE  SCOPE  MEAS- 
U c I N G  1  HE  SIGNAL  UPSTFEAM  OF  THE  VENTURI. 

FACT  13  THE  MULTIPLYING  F  AC T  OR  ON  THE  CSCILLOSCOPE  IN 
MTLLISCCCNn$/CCNTIMCTER. 

p HR  I  AND  PHF1  ARE  TFE  OIAL  PCADINGS  ON  THE  CSCI LLCSCOPE S 
WHC’E  TFC  ‘  IGNAL  AT  THE  END  OF  THE  LINE  AND  UPSTREAM  OF 
TH-E  VENTURI  (R  ESPF.C  T I VEL  V )  CROSS  THE  ZERC  AXIS  ON  THE 
APPROPRIATE  SCTPE. 

THE  FOPGRAm  TFEN  FINDS  <FH33-PHRJ »  ANC  MULTIPLIES  THIS 
DIFFERENCE  T I  ME  S  THE  FACTOR  TC  GET  THE  PHASE  SHIFT  IN 
MILLISECONDS. 


IF*  ICA  ■  15"?  ,E>.r  .61  ' 

CALL  SCALE  I PBT1  ,E.,M,1 » 

CALL  SCALE  TOFT?  *5. .  ►  1 1 I 
CG  CM»l  »  =  : . 

0**g  <m*3  >  = 

C»L  l  A*  ’  S  <  »1  7HFRE0UCNC  Y  CHF  R  TZ  >  f-  1  7,8  .  .0  .  «OMG»  M*1  »  »OMG<  **2  )  > 

CALL  AXISC  .l'HGAIN  EOECIBELS » ,lE,5..9r . ,0BT3«m*i » t 

♦OPT  3«"*: »  > 

CALL  LINE  jr  *r,,DHT3.Mfl  fi  »4> 

rc1 «at< e x  ,i *r  » 

REAni':«r')OCASt  <1  I 
REA0«N,.)NFTS»LIMB: »LSMP3 
WPI  TE  <  •-  »2  C  }  ICASI  <1  > 

F"!  MAT  <  I  X  A?  I 
W«I TEI6.2  ITI 

FORMA Tl/Xj AHEFLQtVX  .5H6AIN1 . 7X« 6MPH ASE1 •TX.MHGA T NX .AN .GHPHA3F X  I 


J=-> 

Lr-> 

03  69  I=1,NPT$ 

PEAOn.*  >F<=FQ.P:.Pfi3»PR:  .PH33.PHS1  ,FACT»PHR3.PHF1 
PHT  1  =  (PH$1-FHP1  ^•FACT•FFCQ•'.’  .36 
PHT  ?=<FHS3-FHP3  »*F»CT*FFCQ«C:  .36 
6P1  -2r  •  •Air  G1C  <  PR  1  tP~  ) 

6o3=2:.«al;gio<°R3/f:» 

MET  TE  <  S  .2  ,1c  IFfiEO,SFl  .PHT 1 ,GT 3 »PHT 3 
?  T  9  F,C9PAT<2X,:F12.'j» 

OBI <  E  »  =  GP1 
OB3  <1 )  =  GPJ 

o»»!;x<  n=FPro 

IF<  PHIi.CC.'J  )  GC  TC  66 

J=J«1 

PH? (JI-PHT? 

J»=F-EO 

J*>A  X  =  J 

66  IF< OHT’ .EG. 1 »  GC  TC  69 
L=L»1 

PHI  <L  IsPHTl 
OF'-.Fl  <LI-FCEQ 
LPA  X=L 
6r  C:'JTIMJE 

O^GXtNPTS*!  »  =  C*<GCP*1  I 
om  cnpt s* 1 1  =dpt i  if* i » 

0R3  (NPTS^l )=DHT3TP* 1  I 
OPGXCVFT$*r  »  =  CHGtP*r) 

OH1 (NPTS.2 I rDPT 1 (P*2 ) 

OH  5  CiPTS^PIrDPT  3<P-*?I 

CALL  L  Tf.F  <'  FGX,PB3,NPTS.l  .-1.LSFB3) 

call  PLOT  Of.:.'  ,-3> 

CALL  SCALECFHAf  > 

CALL  SCAtE<PHAF3,9.,P.:i 

C A'_ L  Axisr .»! . .ITHFOEGLEHCr  (HEpT/ >  ,- 1 7 ,6 . ,0 . . C*GC ) .OHCIH.2  »  I 
CALL  AX:S( - ..!  . .21HFHAGE  ANGLE  (  DEGR  EE  S  »  ,21  ,5.  ,  °0  .  ,  PH  AS  E3  I  , 

♦  owATCSTP  +  D  » 

CALL  LINE  < CFG, PHASE  3,P,1  .0,3 » 

O^'IIL'A*.)  I  =  0FGCH.1  I 
PvGcl<LPAX^2  |  =  "'PGCH«2  I 

opc.t 3<jpa)i«: i=:fg<p«i  i 
OP3F3<JPAX«2I=OPG(P«2) 

PH’.  IL«J*.H:PH»IE1(I'«1I 
PH3(Jhax*1»=PHAjE3<p»1I 
PH?  <lhax«2I  tchai  EH**2  ) 

PHJ ( JHA**2  »  =PHA.E3(  F*2> 

CALL  L  r  N  E  C  r  PG  P3  »  PH  3  .JPAX.1,-1 ,LSPB3> 

10?  3  CALL  PL  ?T  (I r .r,'  ,-3  » 

call  AXIS!  .,r  .  .17HFFE  OLtNCV  <HFFT2>  ,-l  7.F  .  ,P.,?IHG(  H*1  »  ,OHGCH«2  )  > 
CALL  AX  *  S  f  .,? . .15HGAIN  < OE C IBS LS > , 1 5 , 5 . .9? . ,OB T 1 J H.l  » , 

♦OPT  I  (<♦-)  » 

CALL  LINE<rPG.OPU.*,l  ,  »*l 

CALL  L INC  CLPGX.OB1 .NPT3.1.-1 .LSFfil  > 

CALL  PLCMI  '  ,  ,-3» 

C  \l  l  AXIS  <■'  .  ,?.  .17HFPE0UENCY  CHrB  T  7  >  ,  - 1  7  ,fi  .  ,0  .  •  0«G  »  *♦  1  t  ,  0«G  C  *♦?  »  » 
CALL  AX  is «  .,?. .21HFHA3T  ANGLE  C CE GR E E S  )  . 21 , 5 . ,90 . , PH AS  El C P* 1  I , 
♦PHA  ?E1 (H*2»  > 

CALL  LINE  <rPG,pHASEl »P  » 1 ,0,3  > 

CALL  L lAECCPGFl ,PHl ,L  MX  ,1 , -1  ,1 S  PHI  > 

C  AL  L  PLOT  <?  r  .C  ,-  ,-3  » 


c 

51  CALL  PLCTE 
SOI  STOP 
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C  CALCULATES  *0C T  OF  A  CCRPIFX  NUReEfi 
Sl«R0U7tNE  FTCHPCXtT«A»6> 

CALL  ANGL«tE*p,6#r» 

TENc=.5«TEPr 

y=a*a*p*o 

X  =  J  CRT  IT) 

X  =3  OPT ( »  ) 

Y=X*$IN  <TEPF» 

X=X*CCS (Tfvr» 

RETURN 

END 

C  RLLTIPLTES  T U C  COMPLEX  AURPERS 

SUO°CUT  I  NE  CMPHP(  X. Y»A1,A2,B1  »R2> 

X=A J  *P;-A?« 82 
Y=A1*B2-*A2*P1 
R  r  T  U  R  N 
END 

C  FINOS  THE  QUO T I  EM  CF  TXC  COMPLEX  NUPRERS 
SUBROUTINE  C^PPVICl »C2.41.A2,B1 tP2> 

T E*C=P*  »Bl«n2»Pr 
C1=A1*H1*A2*R2 
C  1=C1 /’flp 
C2=RI*A2-A1 *R2 
C2=E2/TV»>«: 

RETURN 
E  NO 

SUB'OU’IN^  HSINXI ARC«X) 

A=EXP«X» 

Rr-;XP|-X» 

A  -A  -P 
A-"iz.5-A 
RETURN 
F  VO 

SUBROUTINE  HCCCXf ARC.XI 
A  s- XP<  X  » 
h=: xp(-x» 

A=4«P 
ARQ s.E»A 
RETURN 
END 


SUBROUTINE  ANGl<C»A.B! 
D A*  A  PI/3. 1*1 5° C 6/ 
C=AH3<H/A  » 

C-A  T  AMC  > 

IF  IA.n.1.)  GO  TC  f 
I  A  - 1 
GO  *0  7 
I  A=  * 

IF  (B.QT.  •>.  )  (=r  TC  1C 
I  0=2 

GO  TO  15 
I  B=  C 

I Ar I A« ; B*1 

GO  to  <  3  5  »  3  '  *2; t2C I tli 

C=C-PI 

GO  to  <c 

c=-c 

GC  -0  35 
C  =R  I  -C 
P  r: URN 


% 


SUBROUTINE  CALZIMAZINI  ,BZ1  N1  .A2RN1  .B2PN1.AZIN2.B7I  N2.AN1.0I1  , 

T£MB=ANt*C! 1 
C»Ll  HCCSXT APC1  «TEMP> 

CALL  HSINX< ARC?  ,TE«P> 

T  fHFrRT N1 »P II 

c:!i:i=ccsiTrHP» 

SNH!1=SIN<TEHF> 

2°  -  . 

CALL  C-P-FITEPl  »TC«2,AZ!N2tflZlK2*ARGl,2R» 

CALL  C«FHt:<TEP3»TCM«,AZ0M««ZRM»APG2»7P> 

CALL  CMBNP<TEPE,T£M6,A2IN2.B2IN2.ARG2.2R  » 

CALL  CPP^PCTEP7,TE«P#AZRN1»B2RM  «  AR  G1  *?d  I 
Al=  TEN1  ♦TEH.? 

B1=TEH2*TEHA 
AZ=TEB5«T£P7 
nz=  tc**6*t  e**r 

CALL  CHFMF<-'EH1 .TE“r.Al,Bl«CSRI1.2P  > 

CALL  CHPMFT  TEHLiTEME , A2.P2.CSBI 1 »ZP  » 

CALL  C»*P*<FCTE  P7,TE“  ‘»A1  ,B1«7R.SSBI1  > 

CALL  C*'P“F(TE*'.'.TLP4,A2tH2,7R,SABH> 

T  EM  3=TER3 ♦' E  HI 
TE'*A  =  TtHA*TrH2 

TEN f=TEP7*TfRf 
TfM?=TER3*TEH£ 

CALL  CMPDV(TEP1*TEM2*TCP3«TEPA«TENT.TCP“» 

CALL  CMPMP<  AZna  ,HZlf.l  ,TEM1  ,TEK2,AZRN1  tBZRNl  > 

RETURN 
E  AO 

SUBROUTINE  7E  BP  A I  Cl  «C2«A1,A;»B1»B?) 

Dir:  . 

D?  =  j. 

CALL  CHPOVTAPGl ,Af G2.C1 ,D2,A1,A2» 

C«LL  C"POV(«rr,:  «AFr,*,(}l,02tRl.H?» 

AR'il =  A  =  01 *A  G? 

Aor,Z  =  *PG2*ArGA 

CALL  CPPO V< Cl .Cr ,D1»02,ARGI ,ARC2) 

R  ET  U*>  N 
EVD 

C  CALCULATES  2  FCr  3  LINES  CORING  INTC  I 

SUBROUTINE  ?EBf-A3tDl*C2»AltA2«Rl  ,B2.C1.C2» 

E 1  =  1 

e:=  : 

call  cppowtarg: »Aoor,Ei »E2, ai.a: > 

CALL  CmPDV(APG3,A‘ OA.El .E2.H1»R2> 

CALL  C“FOV(A=.G?  ,AcGf  ,f  1  ,E2.Cl.C?) 

AF*.!  =AEG1  ♦At'G3*A°  GO 
AR"..:  =  AJG2*At’G**ARG6 

call  c*>POW(ni  .r»:,n  ,e2.argi  ,arg?> 
prruPN 
E'.O 
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Figures  61-63  are  schematics  of  the  experimental 
model  with  the  signal  input  at  lines  1,  2,  and  3, 
respectively.  The  model  lines  entered  in  the  computer 
program  were  numbered  according  to  these  schematics.  The 
line  diameters  and  lengths  for  each  case  are  given  in  Tables 
IV-XI. 

Figures  64-66  are  schematics  of  the  ASTF  lines  with 
signals  input  at  legs  1,  2,  and  3,  respectively.  The  ASTF 
lines  entered  in  the  computer  program  were  numbered 
according  to  these  schematics.  The  line  diameters  and 
lengths  are  given  in  Tables  XII-XVII. 


Fig.  62:  Schematic  of  Lines  with  Input  at  Line 


Line 


Length 

in. 


Line 


1 

0.375 

0.020 

2 

0.375 

0.020 

3 

0.375 

0.020 

4 

0.375 

0.020 

5 

0.375 

0.020 

6 

0.750 

102.0 

7 

0.938 

0.250 

8 

0.938 

0.313 

9 

0.189 

532.50 

10 

0.818 

103.50 

11 

1.117 

0.024 

12 

0.052 

0.024 

13 

0.052 

0.024 

14 

0.052 

0.024 

15 

0.052 

0.024 

16 

0.052 

0.024 

17 

1.117 

198.0 

18 

0.696 

0.063 

19 

1.117 

198.0 

20 

1.117 

0.620 

21 

1.117 

37.283 

22 

1.117 

0.0001 

23 

1.117 

0.0001 

24 

1.117 

0.0001 

25 

1.117 

0.0001 

26 

1.117 

0.0001 

27 

1.117 

0.0001 

28 

1.117 

0.0001 

29 

1.117 

0.0001 

30 

1.117 

0.0001 

31 

1.117 

0.0001 

32 

1.117 

0.0001 

33 

1.117 

0.0001 

34 

1.117 

0.0001 

.117 
.117 
.117 
.117 
.117 
1.093 
.117 
.117 
i.  696 
.117 
0.622 
0.622 
0.622 
0.622 
0.818 
0.818 
0.818 
0.818 
0.818 
0.818 
0.622 
0.622 
0.622 
0.622 
0.818 
0.818 
0.818 
0.818 
0.0001 
0.0001 
0.0001 
0.0001 
0.001 
0.0000 


0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.715 

0.381 

151.5 

53.25 

151.5 

53.25 

53.25 

53.25 

53.25 
96.0 
96.0 

4.375 

4.375 

1.50 

1.50 

41.25 

41.25 

41.25 

41.25 

108.0 

132.0 

90.0 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0000 


Table  VI 


Case  3 


0.375 

0.375 

0.375 

0.375 

0.375 

0.750 

0.938 

0.938 

0.189 

0.818 

1.117 

0.052 

0.052 

0.052 

0.052 

0.052 

1.117 

0.696 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 

1.117 


0.020 

0.020 

0.020 

0.020 

0.020 

102.0 

0.250 

0.625 

532.50 

103.50 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 

198.0 

0.063 

198.0 

0.620 

37.283 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 


Line 


Diameter 

in. 


117 

117 

117 

117 

093 

117 

117 

696 

117 


0.622 

0.622 

0.622 

0.622 

0.818 

0.818 

0.818 

0.818 

0.818 

0.622 

0.622 

0.352 

0.093 

0.818 

0.818 

0.818 

0.818 

0.622 

0.622 

0.818 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0000 


Length 

in. 


0. 

0. 

0. 

0. 

0. 

0. 

49. 

0. 

151. 

53. 

53. 

53. 

53. 

96. 

96. 

4. 

1. 

1. 

41. 

41. 

0. 

0. 

1. 

108. 

90. 

132. 

41. 

41. 

1. 

0. 

0. 

0. 

0. 


0001 

0001 

0001 

0001 

715 

381 

45 

063 

5 

25 

25 

25 

25 

0 

0 

375 

652 

50 

25 

25 

063 

625 

750 

0 

0 

0 

25 

25 

50 

0001 

0001 

0001 

0001 

0001 

0000 


Table  VII 


Case  4 


Line 

Diameter 

in. 

Wffli 

1 

Line 

■HESmXI 

Length 

in. 

1 

0.375 

0.020 

36 

0.203 

1.907 

2 

0.375 

0.020 

37 

0.203 

1.907 

3 

0.375 

0.020 

38 

0.203 

1.907 

4 

0.375 

0.020 

39 

0.203 

1.907 

5 

0.375 

0.020 

40 

0.203 

1.912 

6 

0.750 

102.0 

41 

1.117 

0.425 

7 

0.938 

0.250 

42 

1.117 

49.45 

8 

0.938 

0.625 

43 

0.696 

0.063 

9 

0.189 

532.50 

44 

1.117 

151.5 

10 

0.818 

103.50 

45 

0.622 

53.25 

11 

1.117 

0.024 

46 

0.622 

53.25 

12 

0.052 

0.024 

47 

0.622 

53.25 

13 

0.052 

0.024 

48 

0.622 

53.25 

14 

0.052 

0.024 

49 

0.818 

96.0 

15 

0.052 

0.024 

50 

0.818 

96.0 

16 

0.052 

0.024 

51 

0.818 

4.375 

17 

1.117 

198.0 

52 

0.818 

1.652 

18 

0.696 

0.063 

53 

0.818 

1.50 

19 

1.117 

198.0 

54 

0.622 

41.25 

20 

1.117 

0.425 

55 

0.622 

41.25 

21 

0.203 

1.907 

56 

0.352 

0.063 

22 

0.203 

1.907 

57 

0.093 

0.625 

23 

0.203 

1.907 

58 

0.818 

1.750 

24 

0.203 

1.907 

59 

0.818 

108.0 

25 

0.203 

1.907 

60 

0.818 

90.0 

26 

0.203 

1.907 

61 

0.818 

132.0 

27 

0.203 

1.907 

62 

0.622 

41.25 

28 

0.203 

1.907 

63 

0.622 

41.25 

29 

0.203 

1.907 

64 

0.818 

1.50 

30 

0.203 

1.907 

65 

0.0001 

0.0001 

31 

0.203 

1.907 

66 

0.0001 

0.0001 

32 

0.203 

1.907 

67 

0.0001 

0.0001 

33 

0.203 

1.907 

68 

0.0001 

0.0001 

34 

0.203 

1.907 

69 

0.0001 

0.0001 

35 

0.203 

1.907 

70 

0.0000 

0.0000 

Table  VIII 


Case  6 


Line 

Diameter 

Length 

Line 

Diameter 

Length 

in. 

in. 

in. 

in. 

1 

0.375 

0.020 

36 

1.117 

0.0001 

2 

0.375 

0.020 

37 

1.117 

0.0001 

3 

0.375 

0.020 

38 

1.117 

0.0001 

4 

0.375 

0.020 

39 

1.117 

0.0001 

5 

0.375 

0.020 

40 

0.093 

0.715 

6 

0.750 

102.0 

41 

1.117 

0.381 

7 

0.938 

0.250 

42 

1.117 

49.45 

8 

0.938 

0.625 

43 

0.696 

0.063 

9 

0.189 

532.50 

44 

1.117 

151.5 

10 

0.818 

103.50 

45 

0.622 

53.25 

11 

1.117 

0.024 

46 

0.622 

53.25 

12 

0.052 

0.024 

47 

0.622 

53.25 

13 

0.052 

0.024 

48 

0.622 

53.25 

14 

0.052 

0.024 

49 

0.818 

96.0 

15 

0.052 

0.024 

50 

0.818 

96.0 

16 

0.052 

0.024 

51 

0.818 

4.375 

17 

1.117 

198.0 

52 

0.818 

1.652 

18 

0.696 

0.063 

53 

0.818 

1.50 

19 

1.117 

198.0 

54 

0.622 

41.25 

20 

1.117 

0.620 

55 

0.622 

41.25 

21 

1.117 

37.283 

56 

0.352 

0.063 

22 

1.117 

0.0001 

57 

0.093 

0.625 

23 

1.117 

0.0001 

58 

0.818 

1.750 

24 

1.117 

0.0001 

59 

0.818 

108.0 

25 

1.117 

0.0001 

60 

0.818 

90.0 

26 

1.117 

0.0001 

61 

0.818 

132.0 

27 

1.117 

0.0001 

62 

0.622 

41.25 

28 

1.117 

0.0001 

63 

0.622 

41.25 

29 

1.117 

0.0001 

64 

0.818 

1.50 

30 

1.117 

0.0001 

65 

0.0001 

0.0001 

31 

1.117 

0.0001 

66 

0.0001 

0.0001 

32 

1.117 

0.0001 

67 

0.0001 

0.0001 

33 

1.117 

0.0001 

68 

0.0001 

0.0001 

34 

1.117 

0.0001 

69 

0.0001 

0.0001 

35 

1.117 

0.0001 

70 

0.120 

0.672 

Table  IX 


Case  7 


Line 

Diameter 

in. 

1 

0.375 

2 

0.375 

3 

0.375 

4 

0.375 

5 

0.375 

6 

0.750 

7 

0.938 

8 

0.938 

9 

0.189 

10 

0.818 

11 

1.117 

12 

0.052 

13 

0.052 

14 

0.052 

15 

0.052 

16 

0.052 

17 

1.117 

18 

0.696 

19 

1.117 

20 

1.117 

21 

1.117 

22 

1.117 

23 

1.117 

24 

1.117 

25 

1.117 

26 

1.117 

27 

1.117 

28 

1.117 

29 

1.117 

30 

1.117 

31 

1.117 

32 

1.117 

33 

1.117 

34 

1.117 

35 

1.117 

Length 


0. 

0. 

0. 

0. 

0. 

102. 

0. 

0. 

532. 

103. 

0. 

0. 

0. 

0. 

0. 

0. 

198. 

0. 

198. 

0. 

37. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


020 

020 

020 

020 

020 

0 

250 

625 

50 

50 

024 

024 

024 

024 

024 

024 

0 

063 

0 

620 

283 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 


Diameter 

in. 


.117 
.117 
.117 
.117 
i.  203 
.117 
.117 
.696 
.117 
0.622 
0.622 
0.622 
0.622 
0.818 
0.818 
0.818 
0.818 
0.818 
0.622 
0.622 
0.352 
0.093 
0.818 
0.818 
0.818 
0.818 
0.622 
0.622 
0.818 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0000 


Length 

in. 


0. 

0. 

0. 

0. 

0. 

0. 

49. 

0. 

151. 

53. 

53. 

53. 

53. 

96. 

96. 

4. 

1. 

1. 

41. 

41. 

0. 

0. 

1. 

108. 

90. 

132. 

41. 

41. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 


0001 

0001 

0001 

0001 

715 

381 

45 

063 

5 

25 

25 

25 

25 

0 

0 

375 

652 

50 

25 

25 

063 

625 

750 

0 

0 

0 

25 

25 

50 

0001 

0001 

0001 

0001 

0001 

0000 


Schematic  of  ASTF  Lines  with  Leg  3  Input 


Table  XII 


ASTF  Case  1 


Line 

Diameter 

in. 

■keSSU 

Diameter 

in. 

Length 

in. 

1 

0.0001 

0.0001 

51.34 

3.59 

2 

0.0001 

0.0001 

54.84 

3.59 

3 

0.0001 

0.0001 

65.46 

3.59 

4 

0.0001 

0.0001 

40 

76.92 

3.59 

5 

0.0001 

0.0001 

41 

95.82 

3.59 

6 

180 

180 

42 

264 

158 

7 

108 

84 

43 

258.67 

24 

8 

108 

84 

44 

264 

52 

9 

72 

1065 

45 

228 

102 

10 

180 

207 

46 

156 

102 

11 

264 

0.0001 

47 

120 

213 

12 

0.0001 

0.0001 

48 

120 

213 

13 

0.0001 

0.0001 

49 

180 

192 

14 

0.0001 

0.0001 

50 

180 

192 

15 

48 

65 

51 

108 

84 

16 

48 

54 

52 

108 

84 

17 

264 

462 

53 

108 

0.0001 

18 

258.67 

24 

54 

108 

0.0001 

19 

264 

306 

55 

108 

0.0001 

20 

78.57 

3.59 

56 

108 

0.0001 

21 

70.38 

3.59 

57 

108 

0.0001 

22 

64.65 

3.59 

58 

108 

0.0001 

23 

59.73 

3.59 

59 

180 

216 

24 

55.65 

3.59 

60 

180 

264 

25 

52.38 

3.59 

61 

156 

102 

26 

49.11 

3.59 

62 

156 

102 

27 

48.27 

3.59 

63 

0.0001 

0.0001 

28 

47.56 

3.59 

64 

0.0001 

0.0001 

29 

45.84 

3.59 

65 

0.0001 

0.0001 

30 

45.00 

3.59 

66 

0.0001 

0.0001 

31 

45.00 

3.59 

67 

0.0001 

0.0001 

32 

45.00 

3.59 

68 

0.0000 

0.0000 

33 

45.00 

3.59 

69 

30 

54 

34 

45.00 

3.59 

70 

0.0001 

0.0001 

35 

45.84 

3.59 

71 

24 

61 

36 

47.46 

3.59 

72 

0.0001 

0.0001 

B-17 


Line 

■mh m 

Line 

Diameter 

in. 

Length 

in. 

1 

0.0001 

0.0001 

39 

65.46 

3.59 

2 

0.0001 

0.0001 

40 

76.92 

3.59 

3 

0.0001 

0.0001 

41 

95.82 

3.59 

4 

0.0001 

0.0001 

42 

264 

158 

5 

0.0001 

0.0001 

43 

258.67 

24 

6 

180 

180 

44 

264 

52 

7 

108 

84 

45 

228 

102 

8 

0.0001 

0.0001 

46 

156 

102 

9 

72 

1065 

47 

120 

213 

10 

180 

207 

48 

120 

213 

11 

264 

0.0001 

49 

180 

192 

12 

0.0001 

0.0001 

50 

180 

192 

13 

0.0001 

0.0001 

51 

108 

84 

14 

0.0001 

0.0001 

52 

0.0001 

0.0001 

15 

48 

65 

53 

108 

0.0001 

16 

0.0001 

0.0001 

54 

108 

0.0001 

17 

264 

462 

55 

108 

0.0001 

18 

258.67 

24 

56 

0.0001 

0.0001 

19 

264 

306 

57 

0.0001 

0.0001 

20 

78.57 

3.59 

58 

0.0001 

0.0001 

21 

70.38 

3.59 

59 

180 

216 

22 

64.65 

3.59 

60 

156 

204 

23 

59.73 

3.59 

61 

180 

264 

24 

55.65 

3.59 

62 

108 

56 

25 

52.38 

3.59 

63 

108 

56 

26 

49.11 

3.59 

64 

108 

56 

27 

48.27 

3.59 

65 

0.0001 

0.0001 

28 

47.56 

3.59 

66 

0.0001 

0.0001 

29 

45.84 

3.59 

67 

0.0001 

0.0001 

30 

45.00 

3.59 

68 

0.0001 

0.0001 

31 

45.00 

3.59 

69 

0.0001 

0.0001 

32 

45.00 

3.59 

70 

0.0000 

0.0000 

33 

45.00 

3.59 

71 

24 

61 

34 

45.00 

3.59 

72 

0.0001 

0.0001 

35 

45.84 

3.59 

73 

30 

54 

36 

47.84 

3.59 

74 

0.0001 

0.0001 

37 

51.34 

3.59 

75 

48 

54 

38 

54.84 

3.59 

76 

0.0001 

0.0001 

r ir*. 


Table  XIV 


ASTF  Case  3 


Line 

Diameter 

Length 

Line 

Diameter 

Length 

in. 

in. 

in. 

in. 

1 

0.0001 

0.0001 

39 

65.46 

3.59 

2 

0.0001 

0.0001 

40 

76.92 

3.59 

3 

0.0001 

0.0001 

41 

95.82 

3.59 

4 

0.0001 

0.0001 

42 

264 

158 

5 

0.0001 

0.0001 

43 

258.67 

24 

6 

180 

180 

44 

264 

52 

7 

108 

84 

45 

228 

102 

8 

0.0001 

0.0001 

46 

156 

102 

9 

72 

1065 

47 

120 

213 

10 

180 

207 

48 

120 

213 

11 

264 

0.0001 

49 

180 

192 

12 

0.0001 

0.0001 

50 

180 

192 

13 

0.0001 

0.0001 

51 

108 

84 

14 

0.0001 

0.0001 

52 

0.0001 

0.0001 

15 

48 

54 

53 

108 

0.0001 

16 

0.0001 

0.0001 

54 

108 

0.0001 

17 

264 

462 

55 

108 

0.0001 

18 

258.67 

24 

56 

0.0001 

0.0001 

19 

264 

306 

57 

0.0001 

0.0001 

20 

78.57 

3.59 

58 

0.0001 

0.0001 

21 

70.38 

3.59 

59 

180 

216 

22 

64.65 

3.59 

60 

156 

204 

23 

59.73 

3.59 

61 

180 

264 

24 

55.65 

3.59 

62 

108 

56 

25 

52.38 

3.59 

63 

108 

56 

26 

49.11 

3.59 

64 

108 

56 

27 

48.27 

3.59 

65 

0.0001 

0.0001 

28 

47.56 

3.59 

66 

0.0001 

0.0001 

29 

45.84 

3.59 

67 

0.0001 

0.0001 

30 

45.00 

3.59 

68 

0.0001 

0.0001 

31 

45.00 

3.59 

69 

0.0001 

0.0001 

32 

45.00 

3.59 

70 

0.0000 

0.0000 

33 

45.00 

3.59 

71 

30 

54 

34 

45.00 

3.59 

72 

0.0001 

0.0001 

35 

45.84 

3.59 

73 

24 

61 

36 

47.84 

3.59 

74 

0.0001 

0.0001 

37 

51.34 

3.59 

75 

48 

65 

38 

54.84 

3.59 

76 

0.0001 

0.0001 

Table  XVI 


ASTP  Case  5 


Line 

Diameter 

in. 

Length 

in. 

Line 

Diameter 

in. 

Length 

in. 

1 

0.0001 

0.0001 

39 

65.46 

3.59 

2 

0.0001 

0.0001 

40 

76.92 

3.59 

3 

0.0001 

0.0001 

41 

95.82 

3.59 

4 

0.0001 

0.0001 

42 

264 

158 

5 

0.0001 

0.0001 

43 

190.37 

24 

6 

180 

180 

44 

264 

52 

7 

108 

84 

45 

228 

102 

8 

0.0001 

0.0001 

46 

156 

102 

9 

72 

1065 

47 

120 

213 

10 

180 

207 

48 

120 

213 

11 

264 

0.0001 

49 

180 

192 

12 

0.0001 

0.0001 

50 

180 

192 

13 

0.0001 

0.0001 

51 

108 

84 

14 

0.0001 

0.0001 

52 

0.0001 

0.0001 

15 

48 

54 

53 

108 

0.0001 

16 

0.0001 

0.0001 

54 

108 

0.0001 

17 

264 

462 

55 

108 

0.0001 

18 

182.90 

24 

56 

0.0001 

0.0001 

19 

264 

306 

57 

0.0001 

0.0001 

20 

78.57 

3.59 

58 

0.0001 

0.0001 

21 

70.38 

3.59 

59 

180 

216 

22 

64.65 

3.59 

60 

156 

204 

23 

59.73 

3.59 

61 

180 

264 

24 

55.65 

3.59 

62 

108 

56 

25 

52.38 

3.59 

63 

108 

56 

26 

49.11 

3.59 

64 

108 

56 

27 

48.27 

3.59 

65 

0.0001 

0.0001 

28 

47.56 

3.59 

66 

0.0001 

0.0001 

29 

45.84 

3.59 

67 

0.0001 

0.0001 

30 

45.00 

3.59 

68 

0.0001 

0.0001 

31 

45.00 

3.59 

69 

0.0001 

0.0001 

32 

45.00 

3.59 

70 

0.0000 

0.0000 

33 

45.00 

3.59 

71 

30 

54 

34 

45.00 

3.59 

72 

0.0001 

0.0001 

35 

45.84 

3.59 

73 

24 

61 

36 

47.84 

3.59 

74 

0.0001 

0.0001 

37 

51.34 

3.59 

75 

48 

65 

38 

54.84 

3.59 

76 

0.0001 

0.0001 

Table  XVII 


ASTF  Cases  6-10 


Line 

Diameter 

Length 

in. 

in. 

1 

0.0001 

0.0001 

2 

0.0001 

0.0001 

3 

0.0001 

0.0001 

4 

0.0001 

0.0001 

5 

0.0001 

0.0001 

6 

180 

180 

7 

108 

84 

8 

0.0001 

0.0001 

9 

72 

1065 

10 

180 

207 

11 

264 

0.0001 

12 

0.0001 

0.0001 

13 

0.0001 

0.0001 

14 

0.0001 

0.0001 

15 

48 

54 

16 

0.0001 

0.0001 

17 

264 

462 

18 

258.67 

24 

19 

264 

306 

20 

78.57 

3.59 

21 

70.38 

3.59 

22 

64.65 

3.59 

23 

59.73 

3.59 

24 

55.65 

3.59 

25 

52.38 

3.59 

26 

49.11 

3.59 

27 

48.27 

3.59 

28 

47.56 

3.59  ; 

29 

45.84 

3.59 

30 

45.00 

3.59 

31 

45.00 

3.59 

32 

45.00 

3.59 

33 

45.00 

3.59 

34 

45.00 

3.59 

35 

45.84 

3.59 

36 

47.84 

3.59 

37 

51.34 

3.59 

38 

54.84 

3.59 

Line  Diameter  Length 

in.  in. 


65.46  3.59 

76.92  3.59 

95.82  3.59 

264  158 

258.67  24 

264  52 

228  102 

156  102 

120  213 

120  213 

180  192 

180  192 

108  84 

0.0001  0.0001 

108  0.0001 

108  0.0001 

108  0.0001 

0.0001  0.0001 

0.0001  0.0001 

0.0001  0.0001 

180  216 

156  204 

180  264 

108  56 

108  56 

108  56 

0.0001  0.0001 

0.0001  0.0001 

0.0001  0.0001 

0.0001  0.0001 

0.0001  0.0001 

31  0.0001 

30  54 

0.0001  0.0001 

24  61 

0.0001  0.0001 

48  65 

0.0001  0.0001 
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The  dynamic  response  of  a  scale  model  of  the  Aeropropulsion 
Systems  Test  Facility  (ASTF)  air  supply  ducting  was  determined 
experimentally  over  a  frequency  range  from  20-200  Hz.  Blocked  lines 
with  no  flow  and  orifice  'terminated  lines  with  a  mean  flow  were  used. 
The  experiments  examined  the  effects  of  signal  input  on  three 
different  lines  and  of  using  different  size  venturis.  Gain  and  phase 
were  measured  upstream  of  the  venturi  ana  at  the  end  of  the  line. 


The  experimental  results  were  compared  with  the  results  oT  a 
computer  program  based  on  Nichols'  theory  as  modified  by  Krishnaiyer 
and  Lechner.  With  few  exceptions,  the  gains  were  predicted  within 
+5  dB,  and  phase  angles  within  +10%.  This  agreement  between 
theory  and  experiment  verified  that  the  theory  can  be  applied 
successfully  to  large,  complex  systems  and  that  the  computer  program 
was  running  properly. 


The  verified  program  was  then  applied  to  the  full-scale  ASTF  air 
supply  and  results  analyzed.  The  ASTF  results  show  higher  gains  at 
low  frequencies  and  no  reduction  in  the  average  gain  with  frequency. 
^  This  was  as  expected  for  the  large  ASTF  ducting,  which  ranges  from 
„  4  -22  ft  in  diameter. 
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